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Abstract 
Since the first transgenic tomato crop became commercially available in 1994 the 
number of approved transgenic plant has increased dramatically, with soybean and 
maize as the main crops. Due to the extensive usage of soya lecithin and com sugar, 
it is estimated that 20-30% of food in the supermarket contain genetically modified 
ingredients. The safety, regulation and labeling of GMO are currently contentious 
issues in many countries. Hence the development of a reliable, inexpensive and 
versatile detection system is a prerequisite for a meaningful labeling system. A 
meaningful detection system is necessary to assess the potential risks of unpredictable 
consequences, and at the same time to monitor the health impact on both human and 
the environment. The detection of genetically modified crops is largely dependent 
on the presence of foreign DNA that has been incorporated into conventional crops by 
means of recombinant DNA technology. The system developed here consists of 
three parts: sampling, DNA extraction, qualitative and quantitative analysis. 
Together with measures to eliminate the chance of false-positive and false-negative, 















AGLB agarose gel loading buffer 
bp base pair (s) 
CTAB cetyltrimethylammonium bromide 
dsDNA double-stranded DNA 
dATP deoxyadenosine triphosphate 
dCTP deoxycytidine triphosphate 
dGTP deoxyguanosine triphosphate 
ddNTP dideoxynucleoside triphosphate 
dNTP deoxynucleoside triphosphate 
dTTP deoxyuridine triphosphate 
DNA deoxyribonucleic acid 
EtBr ethidium bromide 
EDTA ethylenediaminetetra acetic acid 
g gravity 
LB Luria Bertani broth 




mRNA messenger RNA 
RNA ribonucleic acid 
OD optical density 
PCR polymerase chain reaction 
RNase ribonuclease 
rpm revolutions per minute 
SDS sodium dodecyl sulfate 
TAB Tris-acetate 
TBE Tris-borate 
Tris tris [hydroxymethyl] aminomethane 
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Section I The Making of Genetically Modified Organisms 
1.1 Conventional breeding in agriculture 
Plant cultivation is not only the basis for the nutrition of man and animals, it also 
provides industry with chemicals and other non-food, raw products. Farmers try to 
increase the yield and quality of their products by various means. Breeding crops is 
one of the options and it has been taking place since human adopted an agrarian 
lifestyle. One of the prerequisites of successful plant breeding is the existence of 
genetic diversity - a population with different genetic constitutions that can be 
exchanged to display desirable phenotypes. Selection was the earliest method of 
plant breeding and it was practiced for centuries before man learned to understand the 
hereditary (Lawrence, 1968). Plants with certain characteristics were bred with each 
other to achieve a breed with better characteristics. They are usually bred to produce 
large, tasty edible parts with increased yields or with resistance to diseases. 
Selective breeding is a slow process and it may take up to several generations before a 
desired trait is achieved. 
Selective breeding relies upon and is limited by the inherent characteristics of a 
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particular species. It is constrained by limitations in sexual compatibility, which 
prevents cross-fertilization between species. Although plant breeding has been 
practiced for thousands of years, it only became a scientific endeavour at the 
beginning of the twentieth century, with the rediscovery of Gregor Mendel's work on 
inheritance. His observations on crosses between common garden peas (Pisum 
sativum) led him to formulate the two laws of inheritance in 1866 (Colin, 1956; Orel, 
1996). The two laws later became the foundation of modem genetics. The law of 
segregation stated that each hereditary characteristic is controlled by two factors, 
which segregate and pass into separate reproductive cells. The law of independent 
assortment stated that pairs of factors segregate independently of each other when 
reproductive cells are formed (Colin, 1956). Mendel's factor of heredity is now 
called gene. 
The application of Mendel's laws to plant-breeding programmes led to the 
production of high-yielding hybrid seed varieties, which, in combination with 
fertilizers, resulted in dramatic increase in crop yields during 1950-84. This 
agricultural success was known as the 'Green Evolution'. However, from 1984 
onwards the yield has leveled off. The high-yielding crops of the Green Evolution 
required high inputs of agrochemicals, particularly fertilizers, and it turned out to be 
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expensive. They also required more water and farm machinery than traditional crop 
varieties. As a result the use of fertilizer and pesticides was markedly increase. 
The intensive use of agrochemicals degraded the environment and polluted water, 
while an overuse of pesticide caused resistance in pests (Bosemark, 1993). Genetic 
diversity was reduced as indigenous varieties were replaced by a limited cultivation of 
new hybrid. In this way, subsistence crops gave way to cash crops. The new 
generation of transgenic crops, produced using genetic engineering, may perpetuate 
these problems. 
1.2 What is genetic engineering? 
Genetic engineering involves the use of recombinant DNA technology that 
allows combinational introduction of desirable characteristics from different species 
into an individual organism. When genes are inserted into a plant or an animal, the 
resultant plant or animal is referred to as genetically modified organism (GMO). 
Genetic engineering creates unlimited number of possibilities because gene from any 
organism can be transferred to any other organism. This is possible because the 
genetic code is universal. All life forms shared the same 'language'. Genetic 
modification differs from traditional breeding in three major ways: (a) it reduces the 
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random nature of classical breeding; (b) it achieves the desired results much more 
quickly and predictably; and (c) it makes it possible to cross the species barrier. 
Cells use enzymes to maintain and copy DNA. Scientists now make use of 
these enzymes as tools to manipulate DNA. Different enzymes are responsible for 
different tasks: unzipping double strands of DNA, cutting DNA, copying DNA, 
proof-reading DNA for errors and inserting sections of DNA into the genome. To 
use gene transfer techniques, the following requirements must be fulfilled. 
a. The gene has to be manageable in a transfer system. 
b. Integration of the DNA in the cellular genome must be achievable. 
c. The transformed cell must be regenerate into a functional plant. 
d. The plant has to express the transferred trait. 
1.3 Plant Transformation 
Plant transformation refers to the introduction and integration of a foreign gene 
into the genome of a plant regenerated from cells or protoplasts, cells stripped of their 
cell walls by enzymes. Transfer of DNA into plant cells can lead to transient or 
stable expression of the introduced DNA (Guerineau & Mullineaux，1993). 
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Transient expression usually lasts for a few hours to a few days only, but it is useful in 
the development of transformation methodology or metabolic studies, since it allows 
the effects of experimental manipulations to be seen in a short time (Gheysen et al, 
1998). Stable transformation is often a time consuming process involving tissue 
culture technique but the introduced DNA is eligible to pass onto succeeding 
generations (McElroy & Brettdl, 1994). There are different ways of introducing 
foreign DNA into plant cells. 
1.3.1 Agrobacterium-mQdiaiQd 
Agrobacterium could transfer a section of DNA (T-DNA) from its tumour 
inducing (Ti) plasmid into plant cells, resulting in stable transformation (Chilton et al.’ 
1988; Prescott et al., 1998). Constructs for plant transformation require the presence 
of short direct repeated regions of DNA flanking the region of T-DNA (An, 1995). A 
binary vector carrying a constitutively expressed selectable marker for plant 
transformation and the promoter-gene construct of interest is introduced into either A 
tumefaciens or A. rhizogenes. These strains carry other functions required for 
Agrobacterium infection, in particular the virulence region {vir genes) of the 
Ti-plasmid, on a large megaplasmid (Mozo & Hooykaas, 1991). 
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Agrobacterium-mQdidiXQd transformation methods begin with the wounding of the 
leaf shoot or root tissue to release acetosyringone or a similar metabolite. This 
induces the vir gene to function in Agrobacterium. The wounded tissue is inoculated 
with a culture of Agrobacterium, allowing the bacteria to bind to the plant surface and 
to initiate conjugative transfer of the T-DNA region. This process involves an 
endonuclease (encoded by virD\ which cleaves within the border repeat, and the 
synthesis of a single-stranded DNA intermediate covering the T-DNA region (Stachel 
& Nester，1986). This is coated by a number of single-stranded DNA-binding 
proteins and is transferred into the plant cell nucleus. The T-DNA recombines into 
the plant chromosome at a random site (Hinchee et al., 1988). The plant tissue is 
then transferred to a nutrient medium containing carbon and nitrogen sources, trace 
elements, and a balance of cytokinins and auxins to promote cell division. After a 
few days, the infected tissue are washed and transferred to fresh media containing an 
antibiotic (e.g. cefatoxime) that kills Agrobacterium and an agent that selects for plant 
cells carrying the marker gene inserted into the T-DNA region. These tissues will 
begin to form masses of undifferentiated callus over several weeks. If the tissue is 
transformed the callus will become green. The green callus is then transferred to 
fresh medium containing a medium with hormone balance that favors shoot 
regeneration. Green leaves and shoots will begin to develop over the next few 
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weeks. Once they have reached a reasonable size they are transferred to 
root-inducing medium for the growth of seed either in soil or in tissue culture 
(Holsters et al., 1978; Newell, 2000). 
1.3.2 Direct gene transfer 
Although Agrobacterium-mQdisitQd transformation has proven a robust method 
for many dicotyledonous plant species, but it is not readily workable for 
monocotyledonous plants (Paszkowski et al； 1984). The importance of the 
monocotyledonous crops such as wheat, maize and rice has driven the development of 
suitable transformation techniques based on direct gene transfer of DNA into plant 
cells. Direct gene transfer to protoplasts (Davey et al., 1989) was therefore 
developed as an alternative to Agrobacterium-mQdiatQd transfer (Barcelo & Lazzeri, 
1998). 
1.3.2.1 Microparticle bombardment 
As an alternative method to host-restricted Agorbacterium and the regeneration 
problems encountered by the protoplast system, a system using high-velocity 
microprojectiles to allow species-independent DNA transfer into a wide array of 
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target tissues (Klein et al., 1987). The microproinjectile gun was designed to 
bombard plant cells with DNA-coated microprojectiles of various high-density metals 
(gold，tungsten, platinum). These microscopic particles (0.4-2 |xm in diameter) are 
coated with DNA and bombarded at high velocity into intact cells: as suspension 
culture，tissues in culture, whole plant parts, etc (McCabe et al., 1988). These 
particles are placed on a support film mounted in a particle bombardment apparatus. 
The support film is accelerated through a chamber by the use of electrical discharge or 
vaccum，and is stopped by a protective mush. The gold and tungsten particles are 
small enough to pass through the mesh and are propelled towards the tissue mounted 
in a petri dish below the apparatus (Christou, 1993; Klein & Fitzpatrick-McElligott， 
1993). The DNA may be expressed transiently or become stably integrated into the 
plant chromosome. This technique provides a more generally successful approach. 
1.3.2.2 Protoplasts 
Protoplasts are cells without their cell walls. The use of enzymes to digest the 
rigid plant cell has made the direct introduction of DNA a possibility. The initial 
stage of protoplast preparation involves a loosening of the links between the plant 
plasma membrane and the cell wall by inducing plasmolysis in a sugar solution of 
high osmolality (Lazzeri, 1995). DNA could then be introduced into plant 
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protoplasts via polyethylene glycol (PEG) fusion (Krens et al； 1982)，electroporation 
(Fromm et al., 1985), and microinjection (Crossway et al., 1986). PEG is used to 
create temporary pores on cells walls or protoplast membrane to allow the uptake of 
DNA into plant cell (Krens et al., 1982). Electroporation is similar to PEG treatment 
but it uses a high-voltage electrical pulse of short duration to cause formation of 
temporary pores on cell walls or protoplasts membrane (Fromm et al, 1985). A 
proportion of these cells become stably transformed and can be selected if a suitable 
maker gene is on the transforming DNA. Although a range of species has now been 
transformed this way, the regeneration of whole plants from single transformed 
protoplasts is difficult and is often very much genotype-dependent. 
1-3.3 Gene Silencing 
Not all genetic manipulation involves transgenes that express protein. Another 
method is to silence an organism's own genes to prevent expression. Gene silencing 
manipulation involves the down regulation or suppression of genes using antisense or 
sense gene constructs to block protein synthesis (Gray et al., 1992). A sense gene 
has the same coding sequence as the target endogenous gene, usually with small 
changes or multiple copies are inserted into the vector for transfer. An antisense 
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gene has a coding sequence that is complementary to the endogenous target gene. 
The mRNAs transcribed from antisense is complementary and hybridize to those 
transcribed from the endogenous target gene, to prevent them to be used as mRNA. 
Crop I Trait 
2 m  
Com Male sterile 
Rice Tolerance to herbicide glufoisnate 
Com Tolerance to herbicide glyphosate 
Cantaloupe Delayed fruit ripening 
Canola Tolerance to herbicide bromoxynil 
Canola Degradation of phytate 
\ m  
Canola Male sterility; tolerance to glufosinate 
Canola Fertility restorer; tolerance to glufosinate 
Sugar beet Tolerance to glyphosate 
j o y b e a n Tolerance to glufosinate 
Tomato Resistance to Lepidopteran insects 
Com Tolerance to glyphosate 
j^lax Tolerance to herbicide sulfonylurea 
_jptato Resistance to Colorado potato bettle and potato virus Y (PVY) 
Potato Resistance to Colorado potato bettle and potato leafroll virus Y  
(PLRV)   
Tolerance to bromoxynil; resistance to certain Lepidoteran insects 
Resistance to several Lepidoteran insects; tolerance to glufosinate 
j ^ a r beet Tolerance to glufosinate 
Male sterility; tolerance to glufosinate 
Tolerance to glufosinate 
j j j y c h i o Male sterility; tolerance to glufosinate 
Resistance to cucumber mosaic virus (CMV), zucchini yellow 
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mosaic virus (ZYMV) and watermelon mosaic virus 2 (WMV2) 
Papaya Resistance to papaya ringspot virus (PRSV) 
Com Resistance to European borer 
Soybean High oleic acid 
^  
Com Resistance to European borer; tolerance to glyphosate 
Com Resistance to European borer 
Potato Resistance to Colorado potato beetle 
Oilseed rape Fertility restorer; tolerance to glufosinate 
Com Male sterility; tolerance to glufosinate 
Cotton Tolerance to herbicide sulfonylurea 
Com Tolerance to glufosinate 
Com Resistance to European borer 
Com Resistance to European borer 
JTomato Delayed fruit ripening 
Com Tolerance to glufosinate 
Cotton Tolerance to glyphosate 
^ i l s e e d rape High laurate 
Com Resistance to European borer 
_Oilseed rape Tolerance to glufosinate 
^ i l s e e d rape Tolerance to glyphosate 
Resistance to cotton bollworm; pink bollworm and tobacco budworm 
JTomato Delayed ripening 
_Squash Resistance to ZYMV and WMV2 
Potato Resistance to Colorado potato beetle 
_^otton Tolerance to bromonxynil 
JIbmato Delayed softening 
J g m a t o Delayed softening 
_ggybean Tolerance to glyphosate 
J g m a t o Delayed softening 
Table 1.1 Summary of genetically modified crops approved for sale in USA. 
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1.4 Examples of genetically modified crops 
Since the first report of transformation and plant regeneration of tobacco (Horsch 
et al； 1985)，there are over 50 genetically modified crops available in the market and 
hundreds more are under field-test. In 1994 FDA approved the first genetically 
modified tomato, Flavr-Savr, for sale in the United States (FDA, USA). This tomato 
was engineered to ripen slowly and resist bruising. This gives the tomatoes a much 
longer shelf life and a better flavor. Instead of inserting foreign genetic material into 
the tomato, one of its ripening genes was down regulated with antisense technology. 
A wide variety of genetically modified crops have been approved in USA (Table 1.1). 
Promoter Source of promoter 
35S CaMV Cauliflower mosaic virus 
Nos Agrobacterium tumefaciens 
35S FMV Figwort mosaic virus 
TA29 Nicotiana tabacum 
Ocs Agrobacterium tumefaciens 
Table 1.2. A summary of constitutive promoters used in transgenic crops. 
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1.5 Foreign genes commonly found in transgenic plant 
The efficiency of transformation is likely to be influenced by the use of suitable 
promoters (Table 1.2). Constitutive promoters direct expression in all or almost all 
tissues，independent of developmental or environmental signals (Hirt et al., 1990). 
Such promoters are used for expression of selectable markers and in many other 
applications. The promoter directing the synthesis of the cauliflower mosaic virus 
35S RNA is the most frequently used constitutive promoter. It is highly active in 
almost all tissues of dicotyledonous plants and, albeit at reduced levels, in monocot 
plants (Rothstein et al., 1987). 
Terminator Source of terminator 
35S CaMV Cauliflower mosaic virus 
Nos Agrobacterium tumefaciens 
Ocs Agrobacterium tumefaciens 
Table 1.3 A summary of terminator used in transgenic crops. 
Efficient gene expression requires not only transcription initiation but also 
termination. The precise mechanism, how the functional RNA 3，end is produced in 
plants，is not well understood but it is clear that a specific signal is required. The 
most frequently used signals are derived from CaMV, the nos or ocs genes of the 
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Agrobacterial T-DNA (Bevan et al, 1983; Murai & Kemp, 1982) and are used as 
approximate 200- to 500-bp-long DNA fragments (Table 1.3). 
o 
The production of transgenic plants usually involves co-transformation with a 
selectable marker gene or a reporter gene (Table 1.4). The selectable marker in most 
cases is an antibiotic resistance gene. 
—Marker gene Gene product Source of gene Selection agent 
Np瓜 Neomycin Tn5 Kanamycin, G418,  
phosphotransferase 
^phXW Streptomycin E.coli Hygromycin B  
phosphotranferase 
Table 1.4 Selectable marker genes for use in plant transformation. 
Foreign genes are introduced into plant or plant cells to achieve an alteration of 
the properties of the recipient. So far the majority of transgenes used confer 
tolerance to herbicide or a resistance to insect (Table 1.4). Nearly half of the 
commercial transgenic crops are introduced with genes that confer tolerance to 
herbicide. 
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Transgene Source of transgene Intended effect 
5-Enolpyruvylshikimate- Agrobacterium sp. strain Tolerance to herbicide 
3-phosphate synthase CP4 glyphosate 
(EPSPS)  
Bar Streptomyces Tolerance to herbicide 
hygroscopicus bialophos 
PAT Streptomyces Tolerance to herbicide 
viridochromogenes glufosinate 
Bxn Bromoxynil specific Klebsiella ozaenae  
nitrilase 
CrylAb Bacillus thuringiensis Resistance to European 
subsp. kurstaki com borer 
Cry 1 Ac Bacillus thuringiensis Resistance to European 
subsp. kurstaki com borer, cotton 
ballworm, etc. 
Cry3A Bacillus thuringiensis Resistance to Colorado 
subsp. tenebrionsis potato bettle 
Cry9C Bacillus thuringiensis Resistance to 
subsp. tolworthi lepidopteran insects 
Bamase Bacillus Male sterility 
amyloliquefaciens 
Barstar Bacillus Fertility restorer 
amyloliquefaciens 
Cucumber mosaic virus Resistance to CMV 
(CMV)  
Papays ringspot virus Resistance to PRSV 
Coat proteins (PRSV)  
Watermelon mosaic virus Resistance WMV2 
2 (WMV2)  
Zucchini yellow mosaic Resistance to ZYMV  
virus (ZYMV) 
Table 1.5 Transgenes commonly found in transgenic crops. 
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Section II Benefit and Environmental Concerns ofGMOs 
2.1 Mechanism of GMOs 
As listed in previous section, there are many different types of transgenic crops 
and every one of them has its own intended effect, whether it is for tolerance to 
O 
different types of herbicides or resistance to different insects. Weeds compete with 
crops for moisture, soil, nutrients, and sunlight; therefore uncontrolled weed growth 
can result in yield losses. The presence of weeds at harvest can also decrease crop 
quality，for examples, by decreasing the quality of grain. Herbicides have played a 
major role in increasing crop yields since the World War Two. Broad-spectrum 
herbicides are effective against a wide range of weed species but can also kill or 
injury crops at levels required for effective weed control, leading to lower crop yield. 
Through genetic engineering crops are made resistant to different herbicides. Soil 
bacteria are capable of breaking down herbicides naturally and this has been exploited 
by genetic engineer to transfer genes for detoxifying enzymes into transgenic crops. 
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2.1.1 Herbicide tolerant crops 
Glyphosate, an organophosphorus compound, is a broad-spectrum herbicide used 
to control most of the major weed species found in crops (Shah et al； 1986). Plants 
sprayed with glyphosate rapidly transport the herbicide to their growing points, where 
it acts by inhibiting 5-enolpyruvyl shikimate-3-phosphate (EPSPS). This blocks 
aromatic amino acid biosynthesis and leads to cessation of growth and eventual plant 
death (Mousdale & Coggins, 1991). The gene isolated from Agrobacterium has 
been integrated into soybean to make the well-known Roundup Ready soybean, to 
withstand glyphosate (Padgette et al., 1995). Phosphinothricin (PPT), also know as 
glufosinate ammonium (formulated as Basta®)，is an inhibitor ofglutamine synthetase, 
causing an accumulation of ammonia that results in the herbicidal effect (Mousdale & 
Coggins，1991). The antibiotics bialaphos is an amino acid derivative of PPT. 
Plants cleave the amino acids to release active PPT. The enzyme 
phosphinothricin-A^-acetyltransferase (PAT) inactivates PPT by acetylation. The 
gene for PAT derived from Streptomyces hygwscopicus is known as the bar gene. 
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2.1.2 Insect resistant crops 
Insects have plagued crops since the beginning of agriculture. They can destroy 
or greatly reduce crop yields. Pesticides were used traditionally to kill insect pests 
but numerous problems are associated with pesticides. Pesticides washed away into 
streams, rivers and lakes contaminate our water supply. Bacillus thwingensis, Bt, is 
a soil bacterium that accumulates high levels of insecticidal proteins during 
sporulation. These bacterial spores are formed in order to survive adverse 
environmental conditions and can remain dormant for considerable periods of time in 
soil. Upon ingestion by insects, this crystalline inclusions solubilized in the midgut, 
releasing proteins called 6-endotoxins (Estruch et al； 1996). These proteins 
(protoxins) are activated by midgut proteases，and consequently interact with the 
larval midgut epithelium causing a disruption in membrane integrity and ultimately 
leading to insect death. The toxins encoded by the cryl, cryll, crylll and crylW 
genes are toxic to lepidoterans, dipterans and lepidoterans，coleopterans, and dipterans, 
respectively. Exposure of insect populations to single toxins, after prior exposure to 
complex mixtures of toxins can result in a more rapid increase of resistance. To 
delay onset of resistance, management strategies have been devised for use with Bt 
crops (Frutos et al., 1999). Take the European com borer as an example, this insect 
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is a difficult pest to control conventionally with insecticides as it has to be treated 
either early - before its second instar when it bores into the com stalk — or late in the 
com growing season when second generation insects emerge. So the use of Bt 
toxins expressed continuously is more effective than conventional insecticides. A 
reduction in the use of broad-spectrum insecticide will be beneficial to many insect 
species. 
2.1.3 Delayed ripening crops 
The first commercially available tomato, Flavr Savr, delayed ripening using gene 
silencing mechanism. The gene expressing the enzyme polygalacturosidase is 
blocked using antisense constructs (Gray et aL, 1992). A range of slow-ripening 
fruit and vegetables is being developed using this technology (Ayub et al., 1996). 
2.1.4 Virus resistant crops 
Viral diseases cause economic damage in most of the major agricultural crops. 
No chemical viricides are available that also leave crops unharmed, although 
insecticides can be used to control the insects that spread viruses. Virus resistant 
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squash consists of the coast protein genes of cucumber mosaic virus, zucchini yellow 
mosaic virus and watermelon mosaic virus 2. The presence of the coat proteins in 
transgenic plant interfered with an early stage in the replication of virus particles in 
the plant. 
2.2 Benefits ofGMO 
The field of genetically modified crops is rife with possibilities. Commercial 
products resulting from recombinant DNA techniques in agricultural biotechnology 
have entered the market and the number is increasing. The first generation of GM 
crops emphasis on the increase in production to meet the growing population, protect 
crops against harmful pests and pathogens and a tolerance to herbicides. Crops have 
been engineered to prolong its shelf life. The second generation of GM crops 
focuses more on enhancing the nutritional quality, its uses in medical and 
environmental applications. A summary of the benefits of GMO includes: 
- I n c r e a s e the production yield 
- P r o t e c t plants against disease and pests 
- I n c r e a s e tolerance of crops to adverse growing conditions 
- I m p r o v e the nutrient composition of crops 
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- P r o v i d e resistance to crop pests and reduce the use of pesticide 
- I m p r o v e processing characteristics so as to reduce wastage and costs 
- E l i m i n a t e allergy-causing properties in some foods 
- T o produce inexpensive antibodies 
2.3 Impact of GM foods to human health and the environment 
2.3.1 Human health 
Are genetically modified foods safe? While many scientists believe that GM 
foods are no different to conventional foods, there is continued debate on the issues. 
An incidence happened in 1989 when a genetically engineered brand of L-tryptophan, 
a common dietary supplement, killed 37 Americans and permanently disabled or 
afflicted more than 5,000 with a potentially fatal and painful blood disorder, 
eosinophila myalgia syndrome (EMS), before it was recalled by the Food and Drug 
Administration. The manufacturer, Showa Denko, Japan's third largest chemical 
company, had for the first time in 1988-89 used GE bacteria to produce the 
over-the-counter supplement. It is believed that the bacteria somehow became 
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contaminated during the recombinant DNA process. Showa Denko has already paid 
out over $2 billion in damages to EMS victims. 
2.3.1.1 GM potatoes 
Another controversy issue was the experiment performed by Dr. Pusztai. Mice 
fed with GM potatoes expressing the lectin Galanthus nivalis agglutinin (GNA) had 
variable effects on different parts of the gastrointestinal tract (Ewen & Pusztai，1999). 
GNA was chosen for insertion into potatoes because the effect of this 
mannose-specific lectin on rat small bowel is minimal (Pusztai et al； 1990). The 
histological indices of the gut of the rats of different groups were compared to 
indicate whether GNA had an impact on the nutritional and physiological effect on the 
mammalian gut. This paper has raised conccrn for the safety of human consumption 
of GM foods but the Royal Society of England has completely ruled out the validation 
of the experiment and concluded it was badly designed, poorly carried out, and 
inaccurately interpreted in the following aspects: (i) the reported work was flawed in 
many aspects of design, execution and analysis and no conclusion should be drawn 
from it; (ii) the work concerned only one particular species of animal; (iii) the lack of 
consistency of findings within and between experiments; and (iv) in the analysis of 
results inappropriate statistical techniques were used. 
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2.3.1.2 CaMV risks? 
Cauliflower mosaic virus (CaMV) is a pararetrovirus of crucifer plants. Its 
35S promoter is approximately 350 bp long and is one of most widely used promoter 
in transgenic plants. Although CaMV only infects dicotyledons, the promoter is 
promiscuous and functions efficiently in monocotyledons (Battraw & Hall, 1990), in 
confer cell lines (Bekkaoui et al., 1990), green algae (Jarvis & Brown, 1991)，yeasts 
(Hirt et al., 1990) and E.coli (Assad & Signer，1990). The transfer of CaMV 
promoter to these other species could also give rise to unpredictable effects on gene 
expression, which may impact the ecosystem as a whole. It has been known for 
some time that recombination can occur between different CaMV viral strains in 
plants (Vaden & Melcher, 1990)，between different homologous parts of an integrated 
CaMV viral sequence in transgenic plants (Gal et aL, 1991) and between an integrated 
transgene and an infecting vims (Wintermantel & Schoelz，1996). Analysis of the 
junctions of recombination suggests that one of the recombination hotspots was at the 
3'end of the promoter, which is especially prone to break and join with other DNA. 
Integration of foreign DNA into the genome of mammalian cells is well known to 
have harmful effects such as inactivation or activation of host genes that could lead to 
cancer. Another potential hazard is that reactivate dormant viruses located in the 
genomes of all higher organisms, or it could generate new viruses by recombination 
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(Mae-Wan et al., 1998). 
2.3.1.3 Food Allergy 
Food allergy is an important health issue associated with transgenic food. The 
common symptoms of food allergy include nausea and vomiting, abdominal pain, 
distension and flatulence and diarrhea, with involvement of some organ systems, for 
instance skin and respiratory tract. In some cases severe symptoms (anaphylactic) 
reactions may be induced (Sampson, 1999). Most confirmed food allergies in 
Western Europe are associated with a limited range of produce, including cows' milk, 
hens, eggs, tree nuts (brazil nuts, walnuts and hazel nuts), peanuts, wheat, fish and 
shellfish (Hefle et al； 1996; Sampson, 1988; Young et al., 1994). However there are 
many others that are known to cause allergy, celery, kiwi fruit and rice are examples 
that are important and/or increasing causes of food allergy in some geographical 
locations (Hefle et aL, 1996; Hourihane, 1998). 
There is concern that transgenic organisms could increase the number of food 
allergies because of the novel proteins being expressed in transgenic plants. In some 
cases, food allergies do not show up until after repeated exposure or years of 
consumption. Although the novel proteins may be present in trace amounts, its 
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presence is enough to trigger physiological reactions if they are recognized by the 
body as an allergen. Therefore an accurate identification and characterization of 
these novel proteins is essential to prevent such incidences. In 1996，the 2S protein 
of Brazil nut contains high level of methionine was expressed into soybean to increase 
its nutritional content (Nordlee, 1996). Because Brazil nut is a common allergen in 
tree-nut allergic persons, sera from 8 tree-nut sensitive patients were tested and shown 
positive. Hence the development was stopped immediately. 
2.3.2 Environmental concerns 
Once released into the environment, transgenic organisms can present a number 
of potential ecological risks. Transgenes are inheritable and will appear in the 
genomes of the offspring of either genetically modified organisms or organisms that 
acquire the transgene by whatever mechanism. Therefore, once spread to the wider 
environment, transgenes may be impossible to eradicate. The major ecological 
concerns with genetically engineered crops are: a) that they may become weeds of 
agricultural or natural habitats, and b) that genes may be transferred to wild relatives, 
whose hybrid offspring become detrimental to the existing flora or fauna. 
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2.3.2.1 Horizontal gene transfer 
2.3.2.1.1 Selectable marker genes 
Selectable makers are genes that allow cells to be discriminated selectively out of 
large populations. Only cells that acquire the selectable marker gene will survive, 
multiply and develop into a clonal colony. Neomycin phosphotransferase, nptll, is 
an enzyme that inactivates and provides resistance to the antibiotics neomycin and 
kanamycin. It is one of the most frequently used selectable marker in transgenic 
plants. The specific concerns with respect to kanamycin is as follows: (1) 
kanamycin resistance might transform a crop into uncontrollable weed or might 
disturb the ecological relations of the plant; (2) the kanamycin gene may spread to 
wild relatives or to other organisms; (3) the gene may contribute to an increase in 
resistant, potentially pathogenic microorganisms and (4) it may impair the human and 
veterinary applications of these antibiotics. 
It is generally accepted that the digestive system will act as a natural barrier to 
DNA, as the acidic conditions in the guts of animals and humans break down DNA. 
Most DNA is certainly broken down in this manner. In 1990, Calgene submitted a 
600 pages document to FDA to establish the biosafety of nptll - the gene nptll is 
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rapidly inactivated and degraded upon ingestion based on in vitro digestion analysis 
(Calgene，1990). In order to catalyze the inactivation of kanamycin or neomycin 
NPTII requires ATP, which is present in the digestive system at extremely low 
concentrations as it is unstable in low pH (Flavell et al, 1992). It is very likely that 
the ingested nptW gene would be degraded in the stomach and the small intestine. 
Even if plant-derived nptW DNA survived intact and reached microorganisms, to be of 
medical significance, the nptW gene would have to be transferred to and expressed in 
a pathogenic microorganism being treated with kanamycin or neomycin. So the 
transfer of the nptW gene to microorganisms from plant material in the gut is not of 
significant medical concern. The same arguments apply to animals that might 
consume plants containing the nptll gene. Smalla reported that resistance to 
kanamycin is widely distributed among culturable bacteria isolated from different 
habitats. This ongoing environmental release of bacteria carrying the nptll gene via 
municipal sewage invalidates any concern about deliberate releases of organisms 
bearing such elements, which lead to the conclusion that deliberate release of 
organisms carrying nptll is not inherently more hazardous than the natural events 
(Smalla et al, 1993). 
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2.3.2.1.2 Herbicide resistant genes 
A potentially more serious ecological threat than transgenic organisms 
themselves becoming weeds or pests is that transgene will spread, through breeding 
with wild relatives, to produce offspring containing the introduced gene. It has been 
shown in oilseed rape that crop-weed hybridization is possible to produce transgenic 
weed-like plants. These studies demonstrate the ease with which transgenes could 
spread to the wild relatives (Mikkelsen et al, 1996; Timmons et al., 1994) and how 
quickly genes could become established in the wild if they proved to be neutral or 
advantageous. It may be desirable to release sterile transgenic plants so that pollen 
exchange with wild relatives is unproducible. Plants modified for herbicide 
resistance may remain susceptible to at least one major group of herbicides. 
2.3.2.1.3 Insect resistant genes 
A major concern in the deployment of crops engineered with insect toxins is the 
potential development of resistance by insects to the toxins. As with the 
development of resistance to conventional insecticides, an individual insect with a 
genetic predisposition or a mutation that enables it to survive will become dominant 
in the population. The partial failure of transgenic crops to control insects may 
speed up the evolution of insect resistance. Resistance to the gene will develop 
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much faster using transgenic crops than using sprays, because the toxin is expressed 
continuously and exposed to insects. In 1997, a single gene in the diamondback 
moth {Plutella xylostella) conferred resistance to four different Bt toxins (Tabashnik 
et al., 1997). The development of cross-resistance to Bt is more common than 
previously thought. Resistance management was established to allow ‘refugia, areas 
in a field or on a farm where plants are grown that do not contain any insect-resistant 
crops, in the hope that pest populations not resistant to the toxin are maintained on 
these refugia plants. 
2.3.2.2 Ecology 
2.3.2.2.1 Monarch butterfly 
Milkweed plants, is a favorite food of butterfly larvae, grow within and around 
the edge of cornfields. Losey reported that larvae of Monarch butterfly {Danaus 
plexippus) fed on milkweed leaves dusted with Bt pollen ate less, grew more slowly 
and suffered higher mortality rate than those reared on plain leaves or leaves dusted 
with untransformed corn pollen (Losey et al, 1999). However, critics of the work 
have highlighted a number of weaknesses of the paper. The forced feeding of a 
potentially toxic compound to larvae does not represent the reality in the field, as 
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monarch larvae would have been exposed simultaneously to milkweed leaves with 
and without Bt pollen. Other influencing factors to be considered are the relative 
distribution of Bt pollen on milkweed, the dispersal of harmful pollen and the 
completion of pollination before hatching (Niiler, 1999). 
Nevertheless, these reports have raised serious concerns on the ecological 
consequences of GM crops, particularly those containing herbicide-resistant and 
insecticidal trans genes. Various measures or proposals have been used to confine the 
potential ecological disaster. These measure include planning conventional crops 
alongside transgenic crops to provide a refuge for susceptible individuals and the 
making of sterilized seed to genetically engineered traits escaping into wild plants. 
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Section III Future developments of GMO 
3.1 Designer food and engineered plants 
Tremendous progress in plant molecular biology has opened up enormous 
opportunities to improve crop plants in ways previously not feasible. In this section, 
a wide range of crop improvements that have been developed, or are in the process of 
being developed, are described. Apart from the traits (for example, insect and 
herbicide resistance) that are already available in the market, new developments are 
being made in medical and environmental applications (for example, edible vaccine, 
tolerance to high salinity and drought). 
As an alternative to the convectional production systems such as microbial and 
yeast, the use of plants as bioreactors to manufacture molecules such as carbohydrates, 
fatty acids, industrial enzymes, and pharmaceuticals (Goddijn & Pen, 1995) is 
becoming popular. Plants allow the production of recombinant proteins in large 
quantities and at relatively low costs. Furthermore, production size is flexible and 
easily adjustable to the needs of the changing markets. In addition, proteins stored in 
seeds are extremely stable; hence the storage and shipping costs can be reduced. 
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3.1.1 Insect resistance 
In the case of insect resistance the following novel insecticidal genes are being 
developed. Cholesterol oxidase of Steptomyces causes midgut epithelial cells lysis, 
is highly toxic to boll weevil {Anthomus grandi) (Bowen et al., 1998). It is also 
active against southern com rostworm {Diadroytica undecimpuncata), tobacco 
budworm {Heliothis virescens), yellow mealworm (Tenebrio molitor). Vegetative 
insectidical proteins, Vip 3A, causes midgut cell lysis, is toxic to black cutworm 
{Agwtis ipsihn), fall armyworm (Spodoptera frugiptera), beet armyworm {S. exigua), 
tobacco budworm {H. virescens) com earworm {Helicoverpa zed) (Doerfer et al” 
1997). Toxins from the bacterium, Photorhabdus luminscens, are toxic for several 
orders of insects (Doolittle, 1998). Chitin is a constituent of insect exoskeleton and 
gut linings and chitinases is an enzyme that digests chitin. It can be transformed into 
major crops and will be effective a broad range of insects (Estruch et aL, 1996). 
3.1.2 Viral resistance 
The genetic engineering of virus-resistant plants has exploited new genes derived 
from viruses themselves in a concept referred to as 'pathogen-derived resistance', 
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PDR (Sanford & Johnston, 1985). The first transgenic tobacco plants with increased 
resistance to tobacco mosaic virus (TMV) resulted from the expression of a coat 
protein (CP) gene (Abel et al., 1986). Since then viral resistance have been 
introduced into plants to work against potato viruses X and Y (PVX and PVY), 
cucumber mosaic virus (CMV), papaya ringspot virus (PRV), zucchini yellow mosaic 
vims (ZYMV), etc (Sturtevant & Beachy, 1993; Tepfer & Jacquemond，1996). 
3.1.3 Fungal resistance 
Fungi cause yield losses in a number of major crops. The usual treatment is by 
spraying fungicides. Antifungal proteins, however, occur naturally in some plant 
species (Brears & Ryals，1994). The genes expressing these proteins have been used 
to produce transgenic plants that are resistant to a number of fungal diseases 
(Alexander et al； 1993; Liu et al, 1994; Terras et al., 1995). 
3.1.4 Nutritional quality 
Rice endosperm, the edible part, lacks a number of vital micronutrients. In 
countries where rice is a staple food, this causes widespread and devastating 
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nutritional deficiencies. Vitamin A deficiency causes symptoms ranging from night 
blindness to those of xerophthalmia and keratomalacia, leading to total blindness. 
Three genes have been incorporated into rice to allow the plant to producte 
beta-carotene, the precursor required to make vitamin A (Ye et al., 2000). Two of 
the genes were from daffodil, and one from the bacterium Erwina uredovora. The 
transgenic rice produced golden grains with enough beta-carotene to meet the daily 
requirement of vitamin A. 
Soybean oil contains polyunsaturated fatty acids at levels far in excess of human 
essential dietary requirements. Kinney and co-workers have used a transgenic 
approach with soybean oleate and linoleate desaturase cDNAs to obtain reduced 
levels of polyunsaturation in soybean and canola seeds (Yadav et al., 1993). 
Potatoes that produce higher starch content than non-transformed potatoes have been 
developed (Stark & Lynn, 1992). 
3.1.5 Modification of oil composition 
Oil is composed of triacylglycerols with three same or different fatty acids 
esterified to the glycerol backbone. The fatty acid composition and distribution on 
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the triglyceride molecule largely determine oil quality on nutritional value, flavor and 
physical properties. The presence of relatively high levels of polyunsaturates 
reduces the oxidative stability and limits the utility of rapeseed oil for cooking or 
margarine production can be overcome by using antisense technology to down 
regulate the Brassica oleate desaturase gene (Okuley et al., 1994). Similar methods 
have already been used to down regulate the stearate desaturase, resulting in the 
production of a new rapeseed variety containing as much as 40% stearic acid in its 
seed oil (Knutzon et al., 1992). This new variety could be blended with 
conventional high oleic rapeseed oil for margarine production and may also be used 
for the manufacture of cocoa butter substitutes. Over the years, many of the genes 
encoding enzymes of fatty acid biosynthesis and modification have been cloned from 
various species. In several cases transgenic Brassica oilseed plants containing novel 
fatty acids have been produced. Ricinoleci acid is a 12-hydroxylated derivative of 
oleic acid that constitutes up to 90% of castor seed oil. It has many industrial uses in 
products ranging from cosmetics and pharmaceuticals to polymers and high-grade 
lubricants. Several groups are attempting to clone the oleate hydroxylase gene from 
castor bean into rapeseed to produce a high ricinoleic oilseed, which can be grown in 
the temperate climatic zones of Europe and North America, where castor bean 
cultivation is not possible (Murphy, 1994). 
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3.1.6 Medical Applications 
Traditional vaccines utilize either killed or attenuated disease-causing organisms 
whereas plant-based vaccines allowed the use of selected subunits of the disease 
organism. Both types of vaccines generate an immune response in the host, and at 
the same time avoiding the risk of causing the disease. However, plant-based 
vaccines or antibodies (plantibodies) are more attractive as plants are free of human 
diseases, thus reducing costs for screening viruses and bacterial toxins (Mason & 
Amtzen，1995). Another advantage of the plant system is the possibility of utilizing 
the plant material by direct ingestion. Bananas make a particularly attractive choice 
as it can be eaten uncooked thus making edible vaccines (Richter et al., 1996). 
Edible vaccines can be stored and distributed as seeds, tubers, or fruits, making 
immunization programs in developing countries cheaper and easier to administer. 
Plant-based vaccines may be particularly useful for inducing immunity to disease 
organisms that colonize mucosal surfaces where large doses are needed to induce a 
strong IgA response. 
Early research in plant-based vaccines has focused on pathogens that cause 
diarrhea (Richter et al, 1996) for two reasons. First, diarrhea caused by bacterial 
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and viruses is responsible for approximately three million infant deaths per year. 
Secondly, oral immunization is likely to induce localized protection against enteric 
diseases. The capsid protein ofNorwalk virus, a causal agent of acute gastroenteritis, 
accumulates to significant levels in potatoes (Mason et al, 1996)，has the potential in 
treating the disease. Modelska reported that mice fed on spinach leaves infected 
with modified alfalfa mosaic virus particles containing two rabies epitopes has led to 
the stimulation of IgG and IgA synthesis and protected 40% of the mice against 
challenge infection with a lethal dose of rabies virus (Modelska et al, 1998). Other 
examples of plant-based vaccines include the use of surface antigen of Hepatitis B 
virus (Thanavala et al., 1995; Richter et al., 2000), the hemagglutinin in influenza 
(Beachy et al., 1996), subunit of ureB gene of Helicobacter pylori (Brodzik et al., 
2000)，the subunit B of cholera toxin of Vibrio cholerae (Arakawa et al； 1997; 
Arakawa et al., 1998), the subunit B of heat-labile enterotoxin in enterotoxigenic 
E-coli (Haq et al.’ 1995, Mason et al., 1998), the malaria epitope in Plasmodium spp. 
(Turpen et al., 1995), and the V3 loop of HIV-1 of human immunodeficiency virus 
(Yusibov et al., 1995). Vaccines produced in plants offer a new strategy for safe and 
cost-effective global immunization against infectious diseases. 
Many recombinant therapeutic proteins are produced using mammalian 
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expression systems. However, product yields are generally low and the need for 
fetal bovine serum makes production expensive (Ganz et al., 1996). In addition, 
cultured mammalian cells are sensitive to shear forces that occur during 
industrial-scale culture, and to variations in temperature, pH, dissolved oxygen, and 
certain metabolites. Therefore the production of biopharmaceutical proteins and 
peptides in plants is developing because plants provide a cheap source of protein. In 
1989, Hiatt et al first demonstrated that functional antibodies could be produced in 
transgenic plants. Since then, a considerable amount of efforts has been invested in 
developing plants for antibody (or plantibody) production (Ma et al., 1996; Smith et 
al, 2000; Conrad et al., 1998; Hiatt et al., 1989). Many of the antibodies produced 
in transgenic plants have applications for human and animal health care. 
Recombinant antibodies include monoclonal antibodies, e.g., against genital herpes 
(Zeitlin et ai, 1998); fully assembled immunoglobulins (Hiatt et al., 1989; Ma et al., 
1998), and synthetic single-chain variable fragment gene fusions (scFv) e.g., 
phytochrome binding scFv (Conrad et al., 1998; Hamamoto et al., 1993) and scFv of 
IgG from mouse B-cell lymphoma for treating non Hodgkin's lymphoma 
(McCormick et al., 1999). 
Transgenic plants have been constructed to express proteins such as enkephalins 
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(Vandekerckhove et al,, 1989), a-interferon (Dalsgaard et al., 1997), human serum 
albumin (Sijmons et al., 1990) and two of the most expensive drugs: 
glucocerebrosidease and granulocyte-macrophage colony-stimulating factor (Cramer 
et al., 1999). Biopharmaceuticals derived from transgenic plants will have to meet 
the standards of performance and safety before clinical use. Nevertheless, it seems 
that transgenic plants hold great potential for the safe production of relatively 
inexpensive pharmaceutical proteins and peptide products. 
3.1.7 Environmental applications 
The use of genetic manipulation to override the ecological limits of various 
plants will mean plants can be made to tolerance to cold, drought, wind and various 
soil conditions such as salinity and acidity. 
3.1.7.1 Tolerance to high salinity and drought 
Salinity and drought are major environmental factors that limit worldwide 
agricultural productivity. Tolerance to a range of environmental conditions can be 
selected for in the tissue culture stage of transgenic plant production. Transgenic 
salt-tolerant plants are being produced by incorporating a gene from yeast capable of 
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living in salty environments. The gene encodes for a protein that is capable of 
pumping sodium out of the cells. Salt-tolerant tomato, melon and barley varieties 
are at the developmental stage (New Scientist 26 July 1997 pi6). Drought-tolerant 
plants could potentially be engineered with roots that penetrate deeper through 
dried-out soils, have thicker cuticle to minimize water loss, or the ability of make 
adjustments to the salt content in their cells. Drought-tolerant plants, tobacco and 
potato, were produced using a gene from E.coli and Saccharomyces cerevisiae that 
expressed trehalose to withstand desiccation (Goddijn et al., 1997; Yeo et al” 2000). 
3.1.7.2 Tolerance to frost 
Frost damage in the field leads to rotting and wastage of fruit and vegetables. A 
gene encodes for an antifreeze protein from winter flounder {Pseudopleuwnectes 
americanus), an artic fish, has been used to produce transgenic frost-resistant tomato 
and tobacco plants (Hightower et al., 1991). Frost-resistant fruits and vegetables 
could be stored at sub-zero temperatures for longer periods, without losing their 
texture or flavour. Engineering poor freezers crops such as strawberries and tomato 
could probe economically beneficial to food retailers. 
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3.1.7.3 Bioremediation 
The observation that certain plants can grow in soils containing high levels of 
heavy metals such as nickel or zinc without apparent damage suggests the possibility 
of removing toxic substances using plants. Plants with the ability to remove such 
substances typically accumulate only a single element and grow slowly. 
Phytoremediation is an effective technology for dealing with a wide variety of 
contaminants, such as heavy metals, selenium, radionuclides, and many different 
organic compounds, for example, petroleum hydrocarbons, polychlorinated biphenyls 
(PCBs), polycyclic aromatic hydrocarbons (PAHs), trichloroethene (TCE), and 
trinitrotoluene (TNT). The use of plants for decontamination of soil, water and air is 
still at an early stage of research and development but there are various ways they can 
be used (Rugh et al, 2000): 
a. Plants can be used to break down pollutants after uptake or by 
secreting degradation enzymes into the environment; 
b. Plants can promote microbial breakdown of pollutants; 
c. Plants can also accumulate pollutants in easily harvestable tissues; 
d. Plants can convert pollutants into volatile forms. 
Mercury pollution is regarded as one of the most serious environmental problems, 
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because elemental mercury and mercury ions are constantly released into the 
environment as a result of gold mining, industry, and burning fossil fuels. Once 
released into the environment these forms of mercury are converted by 
sulfate-reducing bacteria to the extremely toxic compound methylmercury, which 
stays accumulate in the food chain. Conventional methods such as excavation and 
reburial at a toxic landfill are expensive. As a result, bacterial genes, MerA and 
MerB have been modified to express in plants (Rugh et al., 1996; Bizily et a\., 1999) 
in the hope to cleanup contamination. Other developments include breeding 
cadmium tolerant Inidan mustard (Zhu et al., 1999a; Zhu et al., 1999b) and 
manganese tolerant tobacco (Hirschi et al., 2000). 
3.1.7.4 Biodegradable products 
Genetic engineering holds out the possibility that plants can be designed to 
improve human welfare in ways other than crops. For example, a biodegradable 
plastic can be made from the bacterial storage product polyhydrobutyrate and the 
bacterial enzymes required to convert acetyl-CoA to polydyrdrobutyrate have been 
expressed in Arabidopsis thaliana (Poirier et aL, 1995). It has been suggested that 
such production to be made in oilseed crops on an agricultural scale because of the 
ease of extraction. 
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Section IV Regulation ofGMO 
4.1 The Question of Labelling 
As consumers have become aware of the existence of GM foods and the extent to 
which GM ingredients are used in processed foods, there have been growing calls for 
these foods to be labeled. Labeling represents the right for consumers to know what 
is in their foods, and the right to choose what foods to buy and eat. Consumers 
group have been worried by the denial of the consumer's fundamental right to choose. 
Many consumers and environmental groups also see fundamental differences between 
food produced using genetic engineering and food produced using traditional 
plant-breeding methods. They are concerned that unpredictable changes in food 
composition may occur and these foods are unsafe in some way. Therefore, they 
argue that all GM foods should be labeled so that the public can make informed 
decisions. 
4.1.1 Moral and ethical issues 
The application of genetic engineering to food production has raised a number of 
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moral and ethical concerns as well. Consumers may have ethical and moral 
objections, for various reasons, to genetic engineering. The transfer of animal genes 
to crop plants may become unacceptable to vegetarians and the transfer of genes from 
animals whose flesh is forbidden to certain religious groups, to be used in food might 
be morally or legally unacceptable. Although it may be able to show scientifically 
that foods made from modified crops are identical to foods made unmodified crops, 
consumers might want to avoid these foods for one reason or others. Because of the 
enormous pressure arising from consumer and various environmental groups, 
guidelines are being addressed in different countries. 
4.1.2 Animal welfare 
\ 
Some people are worried on the welfare of transgenic animals. As milk and 
meat are already produced in sufficient quantities; they believe transgenic animals are 
being raised solely for profit. For certain medical uses of transgenic animals such as 
xenotransplantation, some people find them morally unacceptable (Biotechnology and 
the European public concerted action group). Xenotransplantation is the transfer of 
animal organs to human and has enormous potential benefits since the demand for 
organs is growing every year while organ donation rates are static. 
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4.2 International Practice in Labeling of GM Food 
Policies on the labeling of GM food differ from country to country and are still 
evolving. The international community is working towards a consensual policy on 
GM food labeling. The Codex Alimentarius Commission of the United Nations first 
discussed labeling genetically engineered foods in 1994, when member countries 
were asked to develop national positions on the issue. Discussions have been 
ongoing since then to define the internationally agreed standards. Some countries 
prefer mandatory labeling with fiill disclosure while other countries believe labeling is 
only appropriate when there is a clear issue of safety, nutritional value, or an alteration 
in food composition. Issues to be addressed include the definition of substantial 
equivalence, the problem of contamination in the process of production and 
transportation and the percentage of genetically modified ingredients to be allowed 
for adventitious contamination. The existing policies on GM food labeling in a 
number of countries are highlighted below: 
4.2.1 United States of America 
Transgenic crop containing recombinant DNA are subject to premarket approval 
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and evaluation through a number of agencies working in cooperation: the United 
States Department of Agriculture (USDA), the Food and Drug Administration (FDA), 
the Environmental Protection Agency (EPA) and government departments within 
individual states. The USDA is responsible for regulating transgenic plants and 
animals used in food production. It regulates food plants through its Animal and 
Plant Health Inspection Service (APHIS) division. The FDA regulates the 
development of animal and human health products, including those produced using 
genetic manipulation. The FDA is not involved in the safety determination of the 
new varieties, but it has the authority to remove a product from the market if it has a 
justifiable reason to suspect the product is unsafe. The EPA regulates GMOs under 
the authority of two acts: the Federal Insecticide, Fungicide and Rodenticide Act, 
which makes the EPA responsible for regulating the distribution sale, use and testing 
of pesticides, and the Federal Food, Drug and Cosmetics Act, which manadates the 
EPA to set tolerance levels for pesticide residues, while also monitoring any adverse 
effects toxins have on non-target and beneficial organisms in the field. The EPA 
regulates transgenic plants that contain insect toxins as plant pesticides. 
The FDA policy "Foods Derived from New Plant Varieties" (57FR: 22984, 
5/29/92) provides a clear, scientifically based procedure for the safety evaluation of 
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transgenic crop varieties. The FDA policy identifies the key safety issues as: 
(a) concentration of important nutrients; 
(b) toxicant content; 
(c) introduction of allergens; 
(d) introduction of "new substances" that may be unsafe; 
(e) thorough characterization of the food product; 
(f) use of accepted scientific methodologies; 
(g) potential environmental impacts. 
To summarize, USA uses the concept of substantial equivalence on labeling of GM 
food. When the food is substantially different from its conventional counterpart in 
any of its product characteristics such as composition, nutrition, and allergenicity, it 
has to be labeled accordingly. 
4.2.2 Canada 
Canada is the second largest GM crops producer and its labeling laws are similar 
to USA, labeling of GM food is only mandatory by required when the food is not 
substantially equivalent to its conventional counterpart. In addition, Canada allows 
voluntary labeling. Canadian labeling regulation is as follows: 
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(a) labeling is required if there is a health safety concern; 
(b) labeling must be understandable, truthful, and not misleading; 
(c) voluntary positive labeling is permitted if the claim is factual and is not 
misleading or deceptive; and 
(d) voluntary negative labeling is permitted if the claim is factual and is not 
misleading or deceptive. 
4.2.3 European Union 
GMOs cannot be marketed within EU as food or food ingredients without 
meeting the requirements of the Novel Foods Regulation. Foods and food 
ingredients produced from GMOs have to be labeled according to Regulation (EC) No 
258/97 (Novel Foods Regulation) and Regulation (EC) Number 1139/98 (labeling of 
two particular GM soy and maize products). This means that they have to be labeled 
when they contain protein or DNA resulting from genetic modification. 
A maximum level for GM material introduced into foods by accident has been 
set at 1%. Upon this regulation, operators must provide evidence that appropriate 
steps are taken to avoid the use of GM material as a source, and the proportion must 
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not be higher than 1% of each ingredient considered individually. Foods containing 
additives and flavorings produced from GM material are labeled in the same way as 
foods containing GM ingredients. It has been emphasized that the 1% value is the 
tolerance level not only for adventitious presence of material derived from GMOs, but 
also for the combined adventitious contamination (Gent, 1999). 
4.2.4 Australia and New Zealand 
The Australian New Zealand Food Standards Council (ANZFSC) has agreed that 
all foods, food additives and processing aids produced using gene technology would 
be labeled. From May 1999, GM foods are required to be labeled if they are not 
substantially equivalent to their counterparts. Subsequently, ANZFSC decided to 
amend the standard to require all GM Foods containing more than 1% GM materials 
to be labelled. 
The new GM food standard (A 18) exempts the following from labeling: 
(a) highly refined food such as sugar and oil, where the refining process 
removes novel genetic material and/or novel protein; 
(b) processing aids and food additives (yeasts, enzymes, setting agents, 
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thickeners), except where novel genetic material and/or novel protein is 
present in the final food; 
(c) flavours which are present in a concentration less than or equal to 0.1% 
of final food; 
(d) food prepared at point of sale e.g. restaurants, hotels, take-aways; 
(e) food where any one ingredient contains up to 1% of GM food, provided 
that the contamination is inadvertent. 
There is a zero threshold of contamination for any food that claims to be GM 
free, and GM technology must not be used at any point in the production process. 
Foods labeled 'certified organic' may also be included as they make an implied claim 
to be GM free because the Organic Standard excludes GM. It is likely products 
labeled GM free will be the target of official testing. 
4.2.5 Japan 
From April 2001, the Ministry of Agriculture, Forestry and Fisheries (MAFF) of 
Japan requires 5 designated agricultural products (soya, maize, cottonseed, rapeseed 
and potato) and 28 processed food items containing GM materials to be labeled. 
51 
Examples of the processed food items are tofu (fermented soybeans), tofu products 
(fried, low-temperature treated), frozen tofu, tofu curd (o-kara), tofu sheets (yuba), 
tofu for use as food ingredients, soybeans on branches (eda mame), tofu sprouts, 
fermented soybeans (natto), soybean drink, miso, boiled soybeans, canned soybeans, 
soybean powder, soybean for frying, cornstarch candy, corn for fresh food use, 
popcorn, frozen com, canned corn, food products maninly made of the foregoings, 
unprocessed potatoes, food products mainly made of soybean powder, plant protein, 
cornstarch and cornflour. For processed food items, only those ingredients that are 
ranked within the top three constituents in terms of weight, and the weight ratio of 
which account for five or more percent of the total weight need to be labeled. 
Labelling is not required for oil and sauces, where the original GM materials can no 
longer be detected. Alcoholic beverages are also excluded. The labeling 
requirement is based on the Law for Optimization of Standardization and Quality 
Labelling of Agroforestry Materials, that exclude intermediate products and feedstuffs 
on the grounds that it is oriented towards consumer protection. 
4.2.6 South Korea 
The Ministry of Agriculture and Forestry in South Korea has announced that GM 
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corn，soybean and bean sprout which contain more than 3% GM materials have to be 
labeled. This legislation is effective from March 2001, while GM potato has to be 
labeled starting from March 2002. 
4.2.7 China 
In mainland China, the Ministry of Public Health promulgated Novel Food 
Regulation in early 90s. All novel foods, inclusive of GM foods, are subjected to 
safety assessments by a special committee, before they reach the market and they 
have to labeled as "novel food" on their packages. However, specific regulations for 
GM foods are still under development. 
4.2.8 Taiwan 
Taiwan's health department has announced that products made from genetically 
modified organisms are to be labeled by 2001. Taiwan would first enforce the 
labeling on corn and soybean products, then gradually on other agricultural products. 
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4.2.9 Hong Kong 
The Environment and Food Bureau is fully responsible for setting guidelines on 
the issues of labeling GM food. An approach has been taken that the presence of 
GM content in any ingredient of a food product exceeds a certain threshold or any 
significantly different characteristics of the GM content to be labeled as in the case of 
the EU, Australia and New Zealand. After studying the testing methods of other 
countries, the Hong Kong government has concluded that accurate results can only be 
readily obtained if the threshold is set at 5% or higher. When the GM content of an 
ingredient of a food product exceeds 5%, a more detailed labeling of any significant 
modifications will be made under the following criteria: 
(a) The composition or nutritional value is significantly different from that of 
its conventional couterpart; 
(b) The level of anti-nutritional factors or natural toxicants is significantly 
different from that in its conventional counterpart; 
(c) The presence of an allergen that is not found in its conventional 
counterpart: 
(d) The intended use of the food is significantly different from that of it 
conventional counterpart; or 
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(e) An animal gene has been introduced into food of plant origin. 
A negative claim in a food label, such as "GM free", "non-GM" and “formulated 
with non-genetically modified ingredients", should be substantiated by documents 
certifying that an identity preservation system was used. However the legislation is 
not yet enforced. The Bureau is at this stage gathering public opinion and comments 
before finalizing the labeling system. The Bureau has identified three possible 
options for the labeling system. 
a. To encourage the food traders, to label GM food voluntarily 
following guidelines issued by the Government; 
b. To launch mandatory labeling by introducing legislative 
amendments; 
c. To encourage the food traders to label GM food voluntarily 
following guidelines issued by the Government and moving onto 
mandatory labeling at a later date taking into account of 
developments on the international front. 
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Section V Uses of crops 
5.1 Uses of crops 
The main purpose of growing crop is to provide us with the nutrition. As well 
as giving us the pleasure in taste, crops are made into things that we need on a daily 
basis. Below is a list of ingredients derived from crops used widely in many of the 
processed foods we eat. Obviously these ingredients could come from either a 
conventional crop or a genetically modified crop. 
5.1.1 Soybean 
Lecithin E322 is a derivative of soya and is one of most common additives found 
in food, where it is widely used as an emulsifier. It is extensively used in thousands 
of processed foods, including bread and bakery products, chocolate, margarine, 
cheese spread, mayonnaise, powdered milk and baby milk, milk drinks such as hot 
chocolate, UHT and cream, fresh pasta, flans, mousses, cream desserts and ice-cream. 
Soya oil is used extensively in blended vegetable coking oil, margarine, mayonnaise, 
salad dressing, sandwich spreads, ice-cream and frozen dessert, cheese replacement 
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and cheese spreads, pizzas, tinned fish and cereals. It is often used as a lubricant to 
stop food sticking together in products such as ready-meal noodles. Dried fruits 
such as raisins are often oiled to prevent clumping (Markley, 1970). Soya cake is a 
staple ingredient in livestock feed (Weiss, 2000). 
5.1.2 Com 
Com oil can be found as a straight com cooking oil, but can also be included in 
vegetable cooking oil blends, mayonnaise and salad dressings or used for any fried 
product from crisps through to 'crispy crumb' and 'battered foods'. Corn syrup can 
be sold on its own as a baking ingredient. It can also be used as a sweetener in 
confectionery, ice cream and most soft, sweetened drinks. Sugars such as dextrose, 
glucose, maltose, fructose and sucrose can all be processed from com syrup. They 
are extensively used in all kinds of sweet products, fruit and soft drinks. 
Maltodextrin is a low-cost, industrial carbohydrate filer derived from maize. It is 
used in most artificial processed foods such as gravy mixes and flavored crisps. It is 
also widely used in cooked processed meats such as sliced ham and chicken, and in 
dry baby foods. Xanthun Gum is a thickener derived from com sugar, its uses are 
found in ice cream, salad dressings and confectionery. Refined com sugar is found 
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extensively in a wide range of food including bakery products, both alcoholic and 
non-alcoholic beverages, confectionery, frozen food products, infant formulas, sauces, 
dehydrated soup, and lactic acid containing food. Refined com sugar has its 
pharmaceutical uses in intravenous injections, pills, tablets, and drug. Com flour or 
cornstarch is refined from maize and is used extensively as a thickener ranges from 
tinned baby food, fruit pie fillings, fruit drinks, cake mixes, fat-reduced products such 
as yogurt and creme fraiche, savory sauce and sweet mousse mixes, to oriental-style 
sauces. Cornstarch is used in the pharmaceutical industry in binder and extender of 
tablets, and in nutrient medium for penicillin fermentation. Modified starch is 
usually refined from maize and is used as an industrial thickener in processed foods 
such as wet baby food, yogurts, sweet and savory packet sauce mixes (Wallace & 
Bressman, 1949). 
5.1.3 Tomato 
Tomato can be regard as both a vegetable and a fruit. Besides being eaten fresh, 
tomato can be boiled, stewed, fried, juiced, or pickled and used in soups, salad and 
sauces (ketchup and puree) (Livingston, 1998). 
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5.1.4 Potato 
Potatoes are served baked, boiled, mashed or roasted, and as French fries, 
shoestrings, chips and crisps. Potatoes are served whole, canned, or scalloped and 
used in soups, stews, chowders and dumpling. They can also be used in salads. 
Processing potatoes are dehydrated, flaked and granulated and used in instant mashed 
potatoes or reconstituted into chips. Starch extracted from potatoes is used as a 
major constituent of various compounded pudding mixtures, pie fillings, soup 
powders and substitutes for custard powder. Dextrose and commercial glucose 
prepared by the acid hydrolysis of starch is used in tanning, and in the food industry, 
while pure dextrose may be used in the preparation of pharmaceutical products. 
Dextrins and British gums produced by roasting acidified starch are used as adhesives, 
for sizing textiles, and as constituents of textile printing inks. Alcohol distillated 
from the fermentation of potato by yeast may be used in the manufacture of liquor or 
as a starting point in the production of synthetic rubber. Potato starch is also used 




Rice has been used as a staple food in Asia for thousand of years. It is eaten 
either boiled or steamed, or with meat, fish and vegetables. Cooked rice is used in 
making noodles, cakes, crackers, muffins, vinegar and snack foods. Rice flour is 
used as constituents in cereal starches and as precooked flour. In packaging bakery 
products rice flour can replace wheat for baking or dusting powder. It is also used as 
a thickening agent for white sauces, gravies and puddings. Bran obtained from the 
rice milling process is incorporated into bakery products to increase protein content 
and moisture retention. Refined bran oil is an exceptional stable, clear, 
light-coloured, odourless oil of low free fatty acids. It is acknowledged to be a 
superior cooking oil and has also been used in shortening, margarine, as a carrier for 
insecticides, sometimes as a conditioner for leather goods and for other industrial 
purposes because of its anticorrosive and rust-resistant properties. Starch extracted 
from rice is used in laundry, cosmetics and textile manufacture, and as a food 
stabilizer. Various alcoholic beverages — rice beer, rice wine and rice spirit are 
manufactured from rice, examples include Saki in Japan and rice wine in China (Grist, 
1975). 
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Hulls (husks), a by-product of the milling process of rice, cannot be used as food, 
not only because of their low nutritive value, but because of the high silicon content 
renders them harmfiil to the digestive and respiratory organs of animals. However it 
is used in building materials, paper and hardboard making, or a packing material for 
fragile ceramics. Hulls may find application in the glass industry of its high silica 
content. Hulls are sometimes used as a stable litter, as a fertilizer, as a supporting 
medium for growing vegetables and as a soil conditioner. Rice straw is used for the 
manufacture of strawboards, braiding, hat and mat making, and in mushroom culture. 
Other industrial applications of rice include breakfast cereals, quick-cooking rice and 
canned rice (Juliano, 1993). 
5.1.6 Rapeseed 
The major use of Brassica napus seed is cooking oil. It is also an excellent 
salad oil and can be used in making margarine, therefore it can be found in a wide 
range of food. By-products of rapeseed crushing are useful in animal feed. 
Rapeseed is already an important industrial feedstock in the detergent and surfactant 
industry. Other applications include the manufacture of resins and coatings such as 
paints (Bell, 1995). 
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5.1.7 Oil 
About 40 plant species are used as sources of vegetable oil (Duffus & Slaughter, 
1993). Although there are hundreds of other species that can be used for oil, only a 
limited number of seeds account for about 90% of trade. These are soybean, 
sunflower, peanuts, cottonseed, rapeseed，coconut, palm and palm kernel, linseed, and 
castor beans of which transgenic varieties of soybean, cottonseed and rapeseed are 
available on the market. Although oil quality is obviously an important criterion, the 
commercial availability of oil often depends more on the non-oil uses of the seed 
rather than on the need for the oil itself. Soybean is a good example. The seed 
contains only about 18% of oil but because of the demand for soybean protein, soy oil 
is by far the commonest vegetable oil available today. In a similar fashion, but on a 
much smaller scale, corn oil is available as a by-product of the maize starch industry 
and the supply of cottonseed oil is a reflection of the demand for cotton. The 
non-edible uses of vegetable oils include soap manufacture, although the raw 
materials commonly used in the manufacture of toilet and cosmetic soaps are defined 
mixtures of tallow and coconut oil. In cosmetics and pharmaceutics industry, oil 
uses include making specialty soaps, detergents, cosmetics such as face and shaving 
cream, hair lotions, etc (Luhs & Friedt，1995). Drying and semi-drying oils, 
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especially linseed and soybean oil, can be used in the manufacture of paints, varnishes, 
mixing varnishes for use in wall paints and enamel, and other protective and 
decorative coatings including alkyd resins and printing inks. Vegetable oil can be 
blended to make fuels and lubricants. Other applications include industrial enamels 
for use on refrigerators, washing machines, and kitchen cabinets, and automobile 
enamels (Murphy, 1994; Weiss, 2000). 
5.2 Food additives, hormones and flavourings 
As well as ingredients deriving from genetically modified crops, many foods are 
manufactured and processed using genetically modified products such as food 
additives, hormones and flavourings. Some are genetically modified copies of a 
naturally occurring product such as riboflavin (vitamin B2), others are new products 
derived from genetically modified microorganisms. Here is a taste of the hidden 
genetically modified products. 
Baker's yeast has been altered to speed up the production of enzymes responsible 
for dough fermentation. Genetically altered yeast may be used in any bakery 
products and the production of beer. Yeast extract is made from spent brewer's yeast. 
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As well as being a popular spread, it is widely used in food processing as a salty 
flavouring, often turning up in products such as baby food, crisps and savoury snacks, 
vegetarian products, sauces and pastes. Recombinant bovine somatotropin (rBST) is 
a genetically modified copy of a natural hormone found in cows. It is injected into 
cows to make them to produce more milk. Any product that uses milk (ice cream, 
cheese, frozen yogurt, confectionery, dried milk in sauce and cake mixes) could have 
come from rBST-injected cows (Schacter, 1999). Riboflavin can be produced 
synthetically using genetically modified Bacillus subtilis (Stahmann et al., 2000). 
Synthetic riboflavin is used to fortify or enhance the nutritional profile of many 
processed foods such as bread and bread products, baby food, breakfast cereals, fruit 
drinks and vitamin-enriched milk. It is also widely used in vitamin supplements 
(Hunt, 1975). Chymosin is a GM substitute for animal rennet and it is used to curdle 
milk for hard cheese (Nagodawithana, 1995). Synthetic flavourings can be 
manufactured using genetic modification processes. Other genetically modified 
enzymes used in processed foods are alpha-acetolate decarboxylase (beverages); 
catalase (milk and eggs); cyclodextrin-glucosyl transferase (cereals and starch); 
glucose oxidase (eggs, beverages, bakery goods, salads); maltogenic amylase (starch 








Consumables were sterilized by autoclave at 121�C for 15 minutes. All chemicals 
used are of analytical graded. Some of the solutions used were supplied in kits. 
2.1.1 Growth media & agar 
• Luria Bertani (LB) medium 
10 g Bactotryptone 
5 g Yeast Extract 
lOgNaCl 
Sterilized by autoclave at 12 广C for 15 minutes 
• Luria Bertani (LB) medium supplemented with ampicillin 
Sterilize LB medium at 121�C for 15 minutes, cool to room 
temperature before the addition of ampicillin @ 50|^g/ml 
• Luria Bertani (LB) agar 
LB medium supplemented with 2% (w/v) agar for solid media 
Sterilized by autoclave at 12l^C for 15 minutes 
• Psi Medium 
2% (w/v) Tryptone 
0.5% (w/v) Yeast Extract 
20 mM MgS04 
Sterilized by autoclave at 121�C for 15 minutes 
66 
2.1.2 Reagents for agarose gel electrophoresis 
• 1 X TBE (Tris-borate) 
90 mM Tris-borate 
2 mM NasEDTA 
• 6 X agarose gel loading buffer (AGLB) 
40% (w/v) sucrose 
25% (w/v) Bromophenol blue 
2.1.3 Reagents for preparation of competent cells 
• Tfbl 
100 mM RbCl 
50 mM MnC12.4H20 
30 mM KOAc 
10 mM CaCl2.2H20 
15% (v/v) Glycerol 
Adjust to pH 5.8 with glacial acetic acid, sterilized by filtration 
• Tfbll 
10 mM MOPS 
10 mM RbCl 
75 mM CaCl2.2H20 
15% (v/v) Glycerol 
Adjust to pH 6.5 with diluted NaOH, sterilized by filtration 
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2.1.4 Reagents for measurement of DNA concentration 
2.1.4.1 Measurement of DNA concentration by PicoGreen 
• 2 0 X T E 
200 mM Tris-HCl 
20 mM EDTA, pH 7.5 
2.1.5 Reagents for Southern Hybridization 
• Denaturation solution 
0.5 M NaOH 
1.5MNaCl 
• Neutralization solution 
0.5 M Tris-HCl pH 7.2 
1.5MNaCl 
0.01 M E D I A pH8.0 
• STE Buffer 
0.1 MNaCl 
10 mM Tris-HCl pH 8.0 
1 mM EDTA pH 8.0 
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• 2 0 X S S C 
175.3 gNaCl 
88.2 g sodium acetate 
Adjust to pH 11 with 10 M NaOH and make up to 1 L with distilled 
water. Sterilized by autoclave at 121�C for 15 minutes. 
• IQo/oSDS 
10 g sodium dodecyl sulfate, make up to 100 ml with distilled water. 
Adjust to pH 7.2 with HCl 
• Prehybridization buffer 
50 % Fomiamide 
7 % SDS 
1 mM EDTA pH 8.0 
0.25 M NaH2P0 
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2.2 Methods 
2.2.1 Restriction endonuclease digestion 
Restriction Digestion was performed with enzymes and appropriate buffer 
according to manufacturer's instruction. The 10 X restriction buffer was added to the 
reaction mixture to achieve a final concentration of 1 X. Some of the restriction 
enzymes used are listed below (Table 2.1). All restriction reactions were incubated at 
37�C for at least 1 hour to allow complete digestion. 
Enzyme Buffer  
Barnm Udd + BSA 
EcoRl — Udd 
Hindlll “ 2 
Pvull — 2 
Pst\ 3 
Table 2.1 Restriction endonuclease with appropriate buffers. 
2.2.2 Agarose gel electrophoresis of DNA 
DNA was separated by 1-2 % agarose gel. Enough 1-2 % agarose gel /0.5 X 
TBE was poured into a mould to cover the comb as formers for wells. The gel was 
allowed to set. The gel was then submerged in running buffer (0.5 X TBE) in 
electrophoresis apparatus. The DNA to be run was mixed with an equal volume of 
agarose gel loading buffer (AGLB) and loaded onto the wells that are located at the 
cathode end of the tank. An electric field was applied and the negatively charged 
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DNA migrated to the anode. The size of the digests on the gel was determined by 
reference to a marker, either a 50 bp ladder or bacteriophage X DNA cut with HindWl 
Following electrophoresis, the bands were stained with ethidium bromide, which is an 
intercalating agent that fluoresces under UV radiation. Photos of the gel were taken 
where necessary. 
2.2.3 DNA recovery from agarose gel 
2.2.3.1 QIAquick® gel extraction 
This protocol is designed to extract and purify DNA of 100 bp to 10 kb from 
standard or low-melt agarose gels in TAE or TBE buffer. After electrophoresis, the 
desired DNA band was excised from the gel. The weight of the gel slice was 
determined in a colourless tube and 3 volumes of buffer QG were added. The gel 
slice was melted at 50�C until it has completely dissolved. For DNA fragment with 
size less than 500 bp or larger than 4 kb, one gel volume of isopropanol was added. A 
QIAquick spin column was placed in a 2ml collection tube. The sample was applied 
to the spin column and centrifuged at 13,000 rpm for 1 min. For sample volume more 
than 700 |LI1, the step was repeated. To wash the column, 0.75 ml Buffer PE was 
added and waited for 5 min before centrifugation for another min. The flow through 
was discarded and the column was centrifuged for another min at 13,000 rpm to 
remove residual buffer. The column was placed into a clean 1.5 ml microcentrifuge 
tube. To elute the DNA, 30 distilled water was added to the centre of the column 
and waited for 1 min. The tube was centrifuged for 1 min and the eluted DNA was 
then stored at -20°C. 
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2.2.4 Ligation of purified DNA fragment into vector 
The following procedure described the general condition for ligation of 
foreign DNA into a lineralized vector. The purified DNA fragment was ligated into 
25-100 ng of vector in a ratio of 3:1. The 10 X ligation buffer was added to the 
reaction mixture to achieve a final concentration of 1 X. One unit of T4 DNA ligase 
(NEB) was added. The mixture was incubated overnight at le^'C. 
2.2.5 Transformation 
The ligation mixture was added into the aliquoted competent E.coli cells and 
chilled on ice for 30 min. The cells were placed at 42°C for 90 seconds and 
immediately transferred onto ice for another 2 min. Four hundred jul of sterilized LB 
medium was added to the cells and left in a 37�C shaker for at least 1 hour to 
regenerate the cells. The entire content was poured onto the LB plate supplemented 
with appropriate antibiotics. A glass spreader was used to distribute the cells evenly. 
The plate was left to set for 10 min. The plate was placed inverted in a 37�C 
incubator overnight. 
2.2.6 Rubidium Chloride method for making competent cells 
A tube containing 3 ml LB medium was inoculated with a single colony of 
E.coli. The tube was left in shaker overnight. Following overnight incubation 1 ml of 
the overnight culture was added to 100 ml Psi broth and incubated at 37�C with 
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aeration until A550 reaches 0.48. The culture was then chilled on ice for 15 min. The 
cells were centrifuged at 5000 g for 5 min and resuspended in 0.4 volume 
(approximately 40 ml) of Tfbl and immediately chilled on ice for 15 min. The cells 
were pelleted at 5000 g for 5 min, resuspended in 0.04 volume (approximately 4 ml) 
of Tfbll, and immediately chilled on ice for 15 min. The cells were aliquoted in 50 
in a 1.5 ml microcentrifuge tube and quick frozen in ethanol-dry ice or liquid nitrogen 
prior to storage in a - 70°C freezer. 
2.2.7 Plasmid DNA preparation 
2.2.7.1 Concert Rapid Plasmid Miniprep 
A 1-5 ml overnight culture was pelleted and the medium was thoroughly 
removed. To resuspend the cells, 250 of Cell Suspension Buffer (Gl) containing 
RNase A was added. To mix the homogenized cells 250 |il of Cell Lysis Solution 
(G2) was added. The cells were incubated at room temperature for 5 min and 350 i^l 
of Neutralization Buffer (M3) was added and mixed immediately by inverting the 
tube five times. The tube was centrifuged at 14,000 rpm for 10 min. The supernatant 
was loaded onto the spin cartridge sitting in a 2 ml wash tube and centrifuged at 
14,000 rpm for 1 min. The flow through was discarded. Five hundred i^l of Optional 
Wash Buffer (GX) was added to the spin cartridge, incubated at room temperature for 
1 min and centrifuged at 14,000 rpm for 1 min. The flow through was discarded. 
Seven hundred |li1 of Wash Buffer (G4) containing ethanol was added to the spin 
cartridge and centrifuged at 14,000 rpm for 1 min. The spin cartridge was placed in a 
clean 1.5 ml microcentrifuge tube. Fifty |LI1 of pre-warmed dHsO was added directly 
to the centre of the spin cartridge, incubated at room temperature for 1 min and then 
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centrifuged at 14,000 rpm for 1 min to collect the purified plasmid DNA. The DNA 
was then stored at -20°C. 
2.2.7.2 QIAprep® Miniprep 
This protocol is designed for the preparation of up to 100 |ag of plasmid DNA 
from 25-100 ml of overnight culture. The bacteria were harvested at 6,000 g for 15 
min at All traces of medium were removed from the bacteria. Four ml of Buffer 
PI containing RNase A was added to fully resuspend the bacteria. An equal volume 
of Buffer P2 was added, mixed gently by inverting 4-6 times and incubated at room 
temperature for 5 min. Four ml of chilled Buffer P3 was added and mixed 
immediately and then incubated on ice for 15 min. The sample was mixed thoroughly 
before centrifugation at or above 20,000 g for 30 min at 4 � C . Meanwhile a QIAGEN-
tip 100 was equilibrated with 4 ml of Buffer QBT. The supernatant containing the 
plasmid DNA was applied to the resin by gravity flow. The QIAGEN-tip 100 was 
washed twice with 10 ml Buffer QC. The DNA was eluted with 5 ml Buffer QF by 
gravity flow and precipitated with 0.7 volume (3.5 ml) of room temperature 
isopropanol. The mixture was centrifliged at or above 15,000 g for 30 min at 4 � C and 
the supernatant was discarded. The DNA pellet was washed with 2 ml of room 
temperature 70% ethanol and centrifuged at or above 15,000 g for 10 min. The pellet 
was air-dried, and dissolved in 100 pd of distilled water. 
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2.2.8 Extraction of plant genomic DNA 
2.2.8.1 Qiagen DNeasy™ Plant Mini Kit 
The procedure was performed according to the manufacturer. Plant tissue was 
ground to fine powder under liquid nitrogen using a mortar and pestle. The tissue 
powder was transferred to an appropriately sized tube and liquid nitrogen was allowed 
to evaporate. Homogenized sample of 100 mg was mixed vigorously with 400 |LI1 of 
buffer API and 4 jul of RNase A (100 mg/ml) and incubated at 65�C for 10 min with 
occasional mixing. One hundred and thirty jiil of buffer AP2 was added to the lysate 
and mixed. The mixture was then incubated on ice for 5 min. Then the homogenate 
was applied to the QIAshredder spin column (lilac) sitting in a 2 ml collection tube 
and was centrifuged for 2 min at 14,000 rpm. The flow through (approx. 450 |il) was 
transferred to a new microcentrifuge tube. Half the volume of buffer AP3 and 1 
volume of 96-100 % ethanol was added to the cleared lysate and mixed. Six hundred 
and fifty jiil of the mixture was added onto DNeasy mini spin column sitting in a 2 ml 
collection tube and centrifuged for 1 min at 8,000 rpm. The flow through was 
discarded. The step was repeated with the remaining sample. The DNeasy column 
was placed in a new 2 ml collection tube. Five hundred fil buffer AW was added to 
the column and centrifuged for 2 min at maximum speed. The column was 
transferred to a new microcentrifuge tube. One hundred |al of preheated (65�C) buffer 
AE was added directly onto the DNeasy column, incubated for 5 min and centrifuged 
for 1 min at 8,000 rpm to elute the DNA. 
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2.2.9 Southern Hybridization 
2.2.9.1 Denaturation 
Following gel electrophoresis, the gel was depurinated in 0.2 M HCl for 5 min, 
rinsed with distilled water three times and placed in denaturation solution for 45 min 
with shaking to denature the DNA. 
2.2.9.2 Blot transfer 
To set up the capillary blot, the tray was filled with blotting buffer, a platform 
was made and three sheets of Whatman 3MM was saturated with blotting buffer and 
used to cover the platform as wicks. The gel was placed on the wick, overlay with 
cling film and the section of cling film covering the gel was cut and discarded. A 
sheet of Hybond™ N+ nylon membrane was cut to the exact size of the gel and 
wetted in distilled water for 5 min and in denaturing solution for another 5 min. The 
membrane was placed on top of the gel. Three sheets of 3MM paper was cut to size 
and placed on top of the membrane. A stack of absorbent paper towels was placed on 
top of the 3MM paper. A glass plate was placed on top of the paper towels and a 
weight was placed on the glass plate. The blot was left overnight. After blotting the 
apparatus was dismantled carefully and the membrane was rinsed briefly with 5 X 
SSC for 2 min to remove any adhering agarose. The membrane was lay flat, with no 
air bubbles, on filters pre-treated with 0.4 M NaOH for 20 min, in a box containing 
0.4M NaOH and incubated at room temperature for another 20 min. The membrane 
was washed in neutralizing solution for 5 min and then in 2 X SSC for 5 min. Finally 
the membrane was dried on 3MM paper at room temperature for 1 hour. The gel was 
stained with ethidium bromide to see if the transfer took place. 
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2.2.9.3 Pre-hybridization 
The DNA immobilized membrane was placed in prehybridization solution in a 
shaking water bath at 42X for 15 min. 
2.2.9.4 Synthesis and purification of radiolabelled probe 
Twenty to fifty nanograms of template DNA in 35 |LI1 distilled water was 
mixed with 5 |il dNTP mix (without dCTP), 5 |LI1 [a^^P] dCTP (10 mCi/ml) and 5 
Pol/Dnase I. The reaction was incubated at room temperature for 1.5 hour and then 5 
jiil stop mix was added. A pre-packed spin column containing Sephadex® G-25 fine, 
DNA Grade was inverted several times to resuspend the gel, then the column was 
placed upright to allow the gel to set. Both the top and bottom caps of the column 
were removed and 1 ml of STE buffer was added to pass through the column. The 
column was placed in a collection tube and 2 ml of STE was added and centrifliged at 
1,700 rpm for 4 min. An uncapped 1.5 ml microcentrifuge tube was placed inside the 
collection tube and the radiolabelled probe was added to the centre of the flat gel 
surface. The column was centrifuged at 1,700 rpm for 4 min and the eluted DNA was 
transferred to a fresh microcentrifuge tube and boiled at 100�C for 5 min and chilled 
on ice immediately. 
2.2.9.5 Hybridization of radiolabelled probe on filter 
The membrane was incubated with the radiolabelled probes for at least 12 
hours at 65°C. After incubation, the membrane was washed by incubating in 2 X SSC, 
0.1% (w/v) SDS at room temperature twice for 10 min. The solution was replaced 
with 1 X SSC, 0.1% (w/v) SDS and incubated at 65°C for 15 min. The solution was 
further replaced with 0.1 X SSC, 0.1% (w/v) SDS and incubated at 65^C for 10 min. 
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2.2.9.6 Detection of hybridized probes 
The membrane was placed against Kodak X-ray film in an X-ray film cassette 
and exposed overnight at —70�C. The film was then developed in an automated 
developer. 
2.2.10 Measurement of DNA concentration 
2.2.10.1 Determination of DNA on EtBr stained gel 
The amount of DNA may be determined by comparing the fluorescence of 
ethidium-bromide-stained "unknown" sample DNA with that of a DNA of known 
concentration. A 0.8 % agarose gel was prepared. An appropriate DNA standard was 
diluted to a concentration of 50 |ag/ml. Of the DNA standard, 2，4 and 8 
(corresponding to 100，200 and 400 ng of DNA, respectively) was loaded onto three 
wells of the agarose gel. For the sample DNA 4 )al was loaded onto adjacent well. 
The gel was electrophoreszed at 100 V for 1 hour. The amount of DNA is estimated 
by comparing its fluorescence under UV light with that of the three loadings of the 
DNA standard. Having loading 4 of the sample, the estimation of DNA 
concentration is in ng/)il. 
2.2.10.2 Determination of DNA by UV spectrophotometer 
The quantity of DNA was measured using UV spectrophometer. The amount 
of UV absorbed by a DNA solution at wavelength is directly proportional to the 
amount of DNA present in the sample. One unit at A260 corresponds to 50 |Lig/ml of 
dsDNA per ml in a 1 cm quartz cuvette. The purity of samples was estimated from 
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the absorbance ratio A260/A230, a representation of contamination by 
polyphenols/carbohydrates, and k 遍 I k ^ a representation of contamination by 
proteins. A reasonably pure DNA samples has A260/A230 ratios exceeding 2 and 
A260/A230 ratios between 1.7 and 1.9. DNA was diluted 200 fold to give a total 
volume of 1 ml. The diluted DNA was placed in a quartz cuvette and the absorbance, 
八230，八260 and A280 was taken. The absorbance was multiplied by the dilution factor 
and 50 |ag/ml to give the DNA concentration in jug/ml. 
2.2.9.3 Determination of DNA by PicoGreen 
PicoGreen quantitation reagent in DMSO was diluted 200-fold with 1 X TE in 
a plastic container as the reagent may adsorb to glass surfaces. The diluted 
quantitation reagent was protected from light and used freshly prepared. To construct 
the DNA standard curve, a 2 |ig/ml calf thymus DNA stock was prepared in 1 X TE 
buffer. An eight point standard curve ranging from 1 pg/|al to 1000 pg尔 1 was 
generated in duplicate and the DNA stock solution is diluted into a disposal 96-weIl 
plate as shown in the table below. 
Volume (|iL) � ,  Volume (^1) 
/ ； Volume of Diluted 
一 = ( 一 = 『 二 
1 0 0 0 1 0 0 1 0 0 0 “ 
75 25.0 100 
50 50.0 — 100 500 
25 75.0 “ 100 250 
10 90.0 — 100 100 
1 99.0 100 10 
一 0.1 99.9 一 100 1 
0 I 100 100 Blank 
Two microliters of the sample was mixed with 98 jul of 1 X TE and 100 |li1 of diluted 
PicoGreen reagent. The mixture was incubated at room temperature for 5 min. 
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Fluorescence was measured using Beckman CytoFluor 2300 system with standard 
fluorescein wavelengths of excitation at 480 nm and emission at 520 nm. The 
instrument's gain was set to the fluorescence intensity near the fluorometer's 
maximum generated from highest DNA containing sample. After measurement, the 
fluorescence value of the blank was subtracted from the standards and samples. The 
DNA concentration of the sample was determined from the standard curve generated 
from the calf thymus DNA. 
2.2.11 DNA sequencing 
2.2.11.1 Automated sequencing by ABI Prism 377 
The procedures were carried as described in dRhodamine Terminator Cycle 
Sequencing Ready Reaction kit. Amplification reaction (10 jil) contained 4 [ig of 
DNA, 1.6 pmole of primer and 4.4 of terminator ready mix. The mixture was 
subjected to a thermal cycling conditions included 2 min at 95�C, 25 cycles of 96�C 
for 10 sec, 50�C for 5 sec and 60�C for 4 min. Calf intestinal alkaline phosphatase 
(NEB) was diluted tenfold and 1 |LI1 was added to the reaction mix. The mixture was 
incubated at 3 7 � C for 30 min. To purify the extension products the DNA was 
precipitated with 50 of absolute ethanol and 6 fil of 3 M sodium acetate and 
incubated overnight at Following centrifugation the DNA was washed with 
70% ethanol and air-dried. The DNA was resuspended in 14 fil template suspension 
reagent and denatured at 95�C for 5 min. The mixture was transferred with caution to 
new tube, without introducing any air bubbles. Then the sample was loaded onto ABI 





3.1 Applications of PCR to processed foods 
This section will review some general considerations important to the design 
and execution of PCR. It will also discuss certain problems that may arise when 
applying PCR for the analysis of food samples with special regard to problems due to 
the nature of food matrix and the applicability to processed foods. 
3.1.1 DNA quality 
The quality of DNA present in food is an important factor in food diagnosis. 
The degree of processing varies significantly among food samples, and accordingly 
the length of the DNA present varies considerably. The length of its amplicon must 
not be longer than the target sequence; otherwise the assay will not be a representative 
analysis. 
Food DNA length (bp) Reference 
Meat �3 0 , 0 0 0 Ebbehoj & Thomsen, 1991 
Meat �1，100 — 
Meat � 3 0 0 
Flour — High MW Allmann et al, 1992 
Bread < 300 
Soybean protein preparations 100-400 Meyer e/a/.，1996 
Tomato products < 400 Ford et al., 1996 
Canned corn, Tomato pulp, < 300 in some cases Pietsch et al., 1997 
soybean protein preparations  
Table 3.1 An overview of the average lengths of DNA from fresh and processed foods. 
Various factors contribute to the degradation of DNA in food: (i) hydrolysis of 
the DNA due to prolonged heat treatment; (ii) nuclease degradation; (iii) increased 
depurination and hydrolysis of DNA at low pH. Therefore the quality of DNA in 
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processed food represents a challenge to perform nucleotide-based amplification. 
Table 3.1 provides an overview of the average lengths of DNA fragments that can be 
expected from fresh and processed food. 
It can be concluded from the data presented here that PCR assays in routine 
diagnostics should certainly not target sequence stretches longer than 500 bp. In fact 
it is desirable to restrict the amplicon length to below 300 bp, if the assay is to be used 
with processed foods. 
3,1.2 PCR & Multiplex PCR 
PCR is a method of amplifying small quantities of relatively short target 
sequences of DNA using sequence specific oligonucleotide primers and thermostable 
Tag DNA polymerase. PCR does not require high molecular weight of native DNA 
in order to amplify target sequence; only the target sequence itself needs to be intact. 
Thus，PCR is capable of amplifying partially degraded and/or denatured DNA. PCR 
has great potential in the detection of DNA in food samples as DNA is most likely to 
exist as fragment rather intact genomic DNA, except, in the case of raw materials. 
Multiplex PCR has been established to amplify different parts of DNA simultaneously. 
It has been developed in different fields such as forensic analysis and paternity 
determination (Lins et al., 1996). Since multiplex PCR amplification system 
generates more than one amplicon, the time needed for analysis of different amplicons 
is greatly reduced. 
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3.1.3 Choice of primers 
One of the most important factors affecting the quality of PGR is the choice of 
primers. Several rules should be followed when designing primers. Primers used in 
PCR are generally between 18 and 30 nucleotides in length, the GC content is in the 
range of 40-60% and complimentarily of the 3,ends is avoided. In general, the longer 
the PCR product the more difficult it is to select efficient primers, and the more DNA 
sequence information is available, the better the chance of finding an optimal primer 
set. Fortunately not all primer selection criteria need to be met in order to synthesize 
a clean, specific product, since the adjustment of PCR conditions (such as the 
composition of the reaction mixture, temperature, and duration of PCR steps) can 
improve the reaction specificity. Amplification of 200 to 400 bp DNA is the most 
efficient in amplifying. The uniqueness of primer is especially important to maximize 
both sensitivity and efficiency of the amplification reactions. For a multiplex 
amplification systems factors like melting temperatures, dimer formation, and self-
complimentarity of the primers have to be examined carefully. In multiplex PCR 
since more than one primer set is present the danger of formation of primer dimer is 
greatly increased. Primer dimer has been known to reduce product yield and causes 
non-specific DNA synthesis (Rychlik, 1995). 
3.1.4 Inhibitors 
PCR is prone to technical obstacles because of the presence of natural PCR 
inhibitors such as proteins, carbohydrates, polysaccharides and salts. A number of 
salts, carbohydrates and other compounds frequently used in buffer solutions also 
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decrease the performance of PCR (Rossen et al., 1992). The choice and optimisation 
of the DNA extraction procedures that eliminate potential inhibitory components may 
thus be of extreme importance for the success of a detection assay. A high DNA 
concentration may also inhibit PCR (Candrian, 1994). 
Apart from optimising the DNA extraction there are other ways of 
counteracting the inhibitory effects on PCR. If the DNA content is not limited, the 
simplest and possibly most effective way to avoid inhibition of PCR is a dilution of 
the sample. Application of 'nested PCR’ appears to be particularly advantageous for 
the analysis of highly processed products, e.g. ketchup and soy sauce. Nested primers 
annealing internally to the sites of the first primers are used in a second PCR to 
amplify products of the first PCR reaction, producing a smaller amplification 
fragment. The considerable increase in sensitivity and specificity achieved by use of 
nested PCR is due to the unlikely event of both the first and second pairs of primer 
having sufficient homology to non-target sequences to amplify spurious fragment. 
This effect can also be attained, though to a lesser extent, when one nested primer is 
used in conjunction with a primer amplifier. 
3.2 Materials & Methods 
3.2.1 Selection of primers 
Primers were selected according to the known sequences of 35S CaMV 
promoter, nos terminator, neomycin phosphotransferase {nptll), Agrobacterium CP4 
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EPSPS and B. thuringiensis cryXkh genes. A summary of the DNA sequences for the 
PCR primers in this work (Table 3.2). 
Primer Sequence Size of 
amplicon (bp) 
35S CaMV 5'-GGA AAG GCC ATC GTT GAA GAT GCC-3' 166 
forward  
35S CaMV 5'-GAT AGT GGG ATT GTG CGT CAT CCC-3' 
reverse  
Nos-t forward 5'-GAA TCC TGT TGC CGG TCT TGC-3 ’ 1% 
Nos-t reverse — 5,-CAC CGC GCG CGA TAA TTT ATC C-3’  
Nptll forward 5,-GAA ACA TCG CAT CGA GCG AGC ACG-3’ m 
Nptll reverse 5,-CAA GCT CTT CAG CAA TAT CAC GGG-3，  
EPSPS forward 5,-GCA AAT CCT CTG GCC TTT CC-3, ^ 
EPSPS reversT" 5,-GCG GCA TTG CCG AAA TCG AG-3’  
CrylAb 5'-ACC GTG GAC AGC CTG GA-3' m 
forward  
CrylAb 5，-TGG TGC TCT TGG TCA GGG-3' 
reverse  
Bar forward 一 5,-CAT CGT CAA CCA CTA CAT CGA-3， ^ 
Bar reverse 5'-AGC GAC CAC GCT CTT GAA-3' ~ ~  
Table 3.2 A summary of the primer sequences used in the detection of GMOs. 
3.2.2 Amplification of target sequences 
One microliters of template DNA was added to a 25 i^l PCR mixture 
containing 1 X PCR buffer, 4 mM MgCb, 1.25 mM dNTPs, 100 nmole of forward 
and reverse primers and 0.25 U Taq polymerase. The PCR mixture was subjected to 
the thermal cycling conditions included 2 min at 95°C, 35 cycles of 95°C for 1 min, 
56°C for 1 min and 72°C for 1 min, 10 min at 72�C. The PCR products were analysed 
on agarose gel. 
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3.2.3 Multiple amplification of target sequences 
For the multiplex system, 1 i^l of template DNA was added to a 50 fil PCR 
mixture containing 1 X PCR buffer, 8 mM MgCb, 2.5 mM dNTPs, 800 nmole of 35S 
CaMV forward and reverse primers, 400 nmole of nos-t forward and reverse primers, 
400 nmole of nptll forward and reverse primers, 400 nmole of EPSPS forward and 
reverse primers, 400 nmole of cry forward and reverse primers and 0.5 U Tag 
polymerase. The PCR mixture was subjected to the thermal cycling conditions 
included 2 min at 95'C, 35 cycles of 95�C for 1 min, 54^0 for 1 min and 72°C for 1 
min, 10 min at 72°C. The PCR products were analysed on agarose gel. 
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3.3 Results 
M 1 2 3 4 5 6 M 
b p 
500— 
4 0 0 — 
300—^^^^H^^^H^H 
200—^H^^^Bj^^^^H 
Figure 3.1 Agarose gel electrophoresis of nucleic acid amplification products from 
transgenic citrus, Roundup Ready soybean and Bt-176 maize. Lanes: M, 50 bp ladder 
(MBI Fermentas); 1, Roundup Ready soybean-35S CaMV; 2, Bt-176 maize-nos 
terminator; 3, transgenic citrus-nptll', 4，Roundup Ready soybQan-Agrobacterium 
EPSPS; 5, Bt-176 maizQ-Bacillus thruingiensis cry\hh\ and 6, Bt-176 mmzQ-bar. 
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M 1 2 3 M 
500— 
2 0 0 — 
：懂 
Figure 3.2 Agarose gel electrophoresis of nucleic acid amplification products of 
multiplex PGR. Five pairs of primers (35S CaMV, nos-t, nptll, EPSPS, and co^lAb) 
were used in multiplex PGR to amplify specific fragments and electrophoresized on a 
2 % agarose gel. Lanes: M, 50 bp ladder (MBI Fermentas); 1, transgenic plant; 2, 
Roundup Ready soybean and 3，Bt-176 maize. 
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Sample Description GMO detection by PCR 
Corn Starch Negative  
Tomato Ketchup Negative  
3-in-l Coffee Mix Negative 
"Malted Drink Negative 
Grass Jelly Negative  
California Large Pitted Prunes Negative  
Lemon Puffs Negative  
Cream Crackers Negative  
Pickled Cucumber Negative  
California Seedless Raisins Negative  
Baked Beans in Tomato Sauce Negative  
Golden Sweet Cream Style Corn Negative  
Fruit Cocktail in Heavy Syrup Negative  
Mushroom Flavour Quick Serve Macaroni Positive  
Beef Flavour Quick Serve Macaroni Positive 
Chicken Flavour Quick Serve Macaroni Positive 
Sliced Pineapple in Heavy Syrup Negative 
Sardines in Tomato Sauce Negative  
Traditional Pasta Sauce Negative  
Pasta Sauce with Mushrooms Negative  
Pasta Sauce with Onion & Garlic Negative  
Chicken Flavour Quick Serve Spiral Pasta Positive  
Instant Rice Vermicelli Beef Flavour Negative 
Light Meat Tuna Chunk in Vegetable Oil Negative  
Creamy Peanut Butter Negative  
Chunky Peanut Butter Negative  
Baked Beans in Tomato Sauce Negative  
Salmon Dice (Wasabi) Negative 
Thai Dried Mango Negative  
Sunflower Seed Negative  
Gummy Fruit Salad Negative  
Spicy Dried Fish Fuzzy  
Cocktail Sausages Negative  
Canadian Bacon Slices Negative  
Ham Slices Positive  
Non-dairy Coffee Creamer Positive | 
Ham Steak Inconsistency  
Java French Onion Snacks Negative  
Chicken Powder Negative  
Whole Kernel Com Negative  
Shrimp Chips Fuzzy  
Thai Fragrant Rice Negative  
Pickled Lettuce Negative  
Egg Noodles Negative  
Golden Date Negative  
Satay Beef Sliced Positive 
90 
Satay Beef Cube Positive 
Pork Floss Positive 
Thailand Pork Floss Negative 
Fried Fish Fillet Negative 
Northsea cuttlefish Negative 
Squid Positive  
Sliced Cuttlefish Negative 
Prawn Roll Positive  
Dry Roasted Pistachio Negative 
Fried Shrimp Peanut Negative 
Sesame Cod Fish Negative 
Charcoal Grilled Cuttlefish Negative  
Sour Assorted Gummy Fuzzy  
Twisted Marshmallow Negative  
Chilli Sauce Negative  
Black Bean Garlic Sauce Negative 
TTsh Sausage Negative 
Pulpy Orange Juice Drink Negative  
Pineapple Crush Juice Drink Negative  
Frozen Mixed Vegetables Positive 
Instant Nutritious Cereal Negative 
Cup Noodle - Chicken Negative  
Choc Ice-cream Vanilla Positive 
Choc Ice-cream Chocolate Positive 
Seaweed Pork Floss Positive 
Salted Peanut Negative 
Saltine Cracker Negative  
Bubble Biscuit Negative  
Com Oil Negative  
"Cooking Oil Negative 
Sesame Oil Negative  
Classic Cola Negative  
Classic Lemon Lime Positive 
Coconut Juice Positive 
Classic Cream Soda Negative 
Mango Juice Negative 
Table 3.1 Screening of samples with multiplex amplification system. Samples were 
extracted using the CTAB method and resuspended in 50 |il distilled water. Samples 
were screened using the multiplex amplification system (35S CaMV promoter, nos 
terminator, npt\\ EPSPS and co^lAb) to detect the presence of transgenes. 
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Sample Description GMOs detection by Southern Hybridization 
Spicy Dried Fish Negative  
Ham Steak Positive 
Non-Dairy Coffee Creamer Positive 
Shrimp Chips l ^ g a t i v e 
Satay Beef Sliced Positive  
Satay Beef Cube Positive 
Pork Floss Positive 
Thailand Pork Floss Positive 
Squid Positive 
Sour Assorted Gummy Negative ‘ 
Coconut Juice Positive  
Classic Lemon Lime Positive 
Table 3.2 GMO detection by southern hybridization on selected samples. 
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3.4 Discussion 
DNA was successfully extracted from leaves of transgenic plant, reference 
materials of Roundup Ready soybean powder and Bt-176 maize powder (Fluka, 
Belgium) using the CTAB extraction method as devised in the manual provided by 
Fluka. Fragments of the six pairs of primers were successfully amplified from 
genomic DNA of transgenic plant, Roundup Ready soybean and transgenic Bt-176 
maize (Figure 3.1). The PCR fragments were verified by sequencing and cloned into 
appropriate vectors. These six sequences are the most common transgenes found in 
commercial GM crops and all the commercial transgenic crops carry at least one of 
the six sequences. 
By varying the annealing temperatures and primer concentrations (Henegaiu et 
al.’ 1997), a multiplex amplification system including five primer pairs was developed. 
The multiplex system consists of five PCR fragments ranging from 166 to 287 bp. 
Each of the fragments was spanned for at least 25 bp, they must be resolved on 1.5% 
or higher concentration of agarose as the size difference of amplicon is rather small. 
Several attempts were made to include all six primer pairs into the multiplex PCR 
amplification system but only five pairs were achieved (Figure 3.2). Since the 
melting temperatures for all the six primer pairs are similar, the inability to 
incorporate the bar primers could be due to the intrinsic factors such as primer-dimer 
artifact or internal instability. The formation of primer-dimer artifacts will lead to 
reduced product yield and non-specific DNA amplification, whereas primer instability 
will lead to non-specific product synthesis. To overcome another primer set with the 
same amplicon length could be designed for the bar gene to be used in the system. 
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To test the feasibility of the multiplex amplification system, over 80 food 
samples with different degree of processing were bought from a local supermarket. 
DNA of the samples was extracted using the CTAB extraction method as described in 
Chapter 5 and PCR was performed twice for each of the sample. As some of the 
samples showed inconsistency and resulted in fuzzy bands, southern hybridisation 
(data not shown) was performed to confirm the presence of genetically modified 
ingredients in selected samples. The inconsistency and indistinct results of PCR are 
not representative of the analysis and the problem has to be overcome by some means. 
Difficulties were encountered in interpreting the PCR results. Although 
positive and negative controls were included in PCR, their presence was an indication 
that no carry-over contamination has occurred throughout the entire procedures. They 
cannot be used as an indication in telling that a food sample is free of genetically 
modified ingredients, as an absence of the PCR products of transgenes could be 
caused by the presence of inhibitors or the lack of amplifiable DNA. To circumvent 
the problem, both of better extraction protocols corresponding to different types of 
food matrices and an indicator or marker reflecting to PCR performance have to be 
developed. The use of a 'spiked' external control, to be added prior to extraction and 
be incorporated into the amplification system, is used to check the sensitivity of the 
PCR processes as well as clearing the food sample of any inhibiting substances which 
will affect the PCR process. A positive result seen for external control is essential in 
validate the PCR testing process. Any missing bands except those of external control, 
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4.1 Standardization of pre- and post- PCR analysis 
4.1.1 General guidelines 
PCR is a powerful and exquisitely sensitive technique with applications in many 
fields. As PCR is highly sensitive, capable of detecting as little as a few molecules, it 
is highly susceptible to contamination. The susceptibility of PCR to false-positive 
results due to accidental contamination of the sample or reagents restricts its use in 
routine diagnostic analytical applications. On the other hand, false-negative results, 
caused by inadequate sample, unremoved inhibitors in the sample or inappropriate 
choice of target sequences, are less common due to the extremely high sensitivity of 
this reaction. 
Ideally, a laboratory should have separate areas for reagents preparation, sample 
handling, DNA extraction, PCR setup and post PCR analysis. Containment units and 
laminar flow hoods should be used for all handling procedures. The workflow should 
always be unidirectional. Exchange of material and instruments between these areas 
should not be allowed. Each area should have its own dedicated set of pipettes and 
adherence to a strict set of protocols can avoid disaster (Burkardt, 2000). 
Solutions and buffers used in DNA extraction and PCR should be autoclaved 
routinely. Disposable pipette tips and microcentrifuge tubes are also autoclaved 
before use. However, primers, dNTPs and Tag DNA polymerase cannot be 
autoclaved. Reagents should be made in large batches and stored in aliquots to 
minimize repeated samplings. All reagents to be used in PCR are prepared, divided 
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and stored in an area that is free of PCR-amplified product. A record for the lot of 
reagents is made so that if contamination occurs it can easily be traced. The barrel of 
pipetting devices may become contaminated with aerosols containing sample DNA, 
leading to cross-contamination. To prevent this, the use of positive displacement 
pipettes with disposable tips and plungers is highly recommended. When preparing 
for a PCR reaction it is best to combine all reagents into a pre-mixture. This 
minimizes the number of sample transfers and the chances for sporadic contamination. 
4.1.2 UV irradiation 
One of the simplest methods for sterilization of PCR products is the use of UV 
irradiation at 254 nm in inactivating contaminating DNA in PCR mixtures (Ou et al., 
1991; Fox et aL, 1991; Frothingham et al., 1992). Use of UV light to dimerize 
extraneous or leftover DNA, together with a dedicated work area and appropriate 
PCR handling techniques such as the use of aerosol-resistant pipettes, are measures 
that will reduce DNA contamination. The major effect of UV on DNA is to induce 
cyclobutane pyrimidine dimers that can inhibit DNA replication by DNA polymerase 
(Moore et al., 1981). Pyrimidine dimmers functions as termination sites during the 
extension reactions of the PCR procedure. However it has been proposed that UV 
irradiation is only useful as a PCR decontamination procedure when the target 
sequence is relatively large (around 500 bp) (Cimino et aL, 1990). We must bear in 
mind that UV irradiation should be seen as a precaution rather than a replacement for 
careful laboratory practice. 
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4.1.3 Inactivation protocols 
Over the years, inactivation protocols that use chemical, photochemical, and 
enzymatic methods for reducing problems associated with contamination ofamplicon 
have been developed. It is presumed that routine implementation of one or more of 
these protocols, coupled with careful laboratory technique and strict quality control 
procedures, will help to avoid carryover contamination in the laboratory setting. 
Psoralens intercalate between double-stranded nucleic acids, and form inter-strand 
cross-links on photo-activation. They can be used to cross-link contaminating DNA 
before PGR and prevent subsequent denaturation and template activity. Isopsoralens, 
unlike psoralens, do not cross-link DNA strands but only form single-stranded 
monoadducts with pyrimidines in a photochemical reaction. Such modified bases 
terminate DNA polymerase extension. Isopsoralens can be added to the reaction 
before cycling and apparently do not affect amplification efficiency (Cimino et al., 
1990). The UDG protocol functions by incorporating dUTP into amplification 
products，which are selectively degraded by UDG. A standardized dU-containing 
amplicon preparation was prepared by amplification of template DNA in the presence 
of dATP, dCTP, dGTP, and dUTP. The use of UDG digestion resulted in at least 10^-
fold reduction of contaminating amplicon (Niederhauser et al, 1994), which is very 
effective for sterilization as most false-positives results observed arise from carryover 
of as little as 10-10,000 copies (Isaacs et al., 1991). Restriction enzymes that cleave 
within the target sequence for PGR may be used to restrict any contaminating 
sequence prior to addition of the target. The use of DNase also achieves the same 
purpose. 
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4.1.4 Positive and negative controls 
The use of negative controls is the single most important step in 
detecting/excluding false-positive PCR results. A 'no DNA’ blank control is pipetted 
last to reflect the total reagent handled. DNA should be added last to minimize cross-
contamination by reducing the number of inadvertent transfer of DNA. Similarly, 
blank controls that have been processed with the other samples during DNA 
extraction serve to eliminate contamination of samples. A positive control has to be 
included with each set of PCR reactions. As PCR is extremely sensitive, as few as a 
few hundred copies of target may suffice as a positive control. Like false-positive 
result, false negative results can be disastrous. With regard to medical diagnostics, 
false negative results could be life threatening. Washing of gloved hands or powder 
free gloves should be used for the handling of PCR tubes as glove powder can have a 
inhibitory effect on PCR leading to false-negative results (de Lomas et al., 1991). 
4.1.5 PCR verification 
A difficulty is often encountered when there is non-specific amplification and/or 
very weak amplification of target DNA irrespective of the type of specific 
oligonucleotide primers used. This has led to enormous interlaboratory variations in 
PCR results. To improve the sensitivity of PCR, nested PCR and restriction 
endonuclease digestion can be used to further validate the PCR products. Nested PCR 
uses a different but specific set of primers to amplify the PCR products from the first 
round of amplification. This second round of PCR will result in a smaller amplicon. 
A second method involves digestion of genomic DNA with an appropriate restriction 
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enzyme which cuts the circular (viral) or high MW genomic DNA outside the region 
to be amplified and using the digested DNA as template for PCR (Sharma et al, 
1992). There is a possibility that assembling the reaction mixture at a temperature 
greater than the annealing temperature to improve both the yield and the specificity of 
PCR (D'Aquila et al., 1991). The use of Hot Start PCR entails the use of Taq 
polymerase that requires heat activation can also be used to improve PCR specificity 
and sensitivity. 
4.1.6 Equipment decontamination 
It is very easy to overlook contamination from sources other than PCR. To 
prevent carryover from equipment used in previous experiment, gel apparatus and 
combs should be soaked in 1 M HCl to depurinate any residual DNA, new razor 
blades should be used to excise each gel band, and the surface of the UV 
transilluminator should be covered with a fresh sheet of plastic wrap for each gel 
(Kwok & Higuchi，1989). 
If there is any doubt at all about a result; it is best to repeat the experiment. If 
contamination is present, a complete renewal of all reagents and disposables is 
necessary. The next step would be UV-irradiate small equipment (racks, pipettes), 
wipe out work areas, centrifuges, and thermocyclers with 0.5 M NaOH or sodium 
hypochlorite; and start with new aliquots of primer and a new stock of enzyme. 
Quality assurance measures and contamination management procedures are to be 
drawn depending on the nature of the research/service performed. 
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4.2 Materials & Methods 
4.2.1 Selection of primers for external control 
Primers were selected according to the known sequences of potato (Genebank 
accession no. Z27235) and rat myelin basic protein (Genenbank accession no. 
AF075578). Table 4.1 summarizes the DNA sequences for the PCR primers in the 
construction of external control. 
Primer Sequence Size of 
amplicon 
(bp) 
ACC-Hyb-F 5，-CAG AGA CTT GAG GTG GAG AA-3, ^ 
ACC-Hyb-R 5，-GTA CCC TCT CTG AAT CCT T G - 3 , ^ 
Mbp-F 5'-GAT GTG TAG GAA TGC CCT AC-3， ^ ~ ~ 
Mbp-R 5，-GTC T A C CTC A T G G T T A T G TC-3 , 
Hyb nested forward 1 1 , - T C A TTC CAG TCC ATT GTG ACA-3’ ^ 
Hyb nested reverse 1 5 ,-TGT AGG GGA AAT GCA TGA TTT-3, 
Hyb nested forward 2 5,-GCC TTG GAA GAA nrr t a p a a . v ^ 
Hyb nested reverse 2 5'-ATA AGA CAG CAT GAG CAA GGC-3, 
Table 4.1 Primer sequences used in the construction of external control. 
4.2.2 Development of the external control 
The success of PCR based analysis often depends upon the purity and yield of 
the DNA template. The DNA extracted from processed foods is usually highly 
degraded and contaminated with protein, fat, polysaccharide and other secondary 
compounds, which may interact with DNA polymerase and nucleic acids and 
subsequently interferes the accuracy of PCR analysis (Meyer, 1999), and in some 
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cases, lead to false negative results. To minimize this problem, extraction protocols 
tailored to different types of source materials have been developed. However, there is 
no guarantee that these protocols will work. Therefore a synthetic DNA fragment, 
Hyb，consists of part of potato 1 -aminocuclopropane-1 -carboxylate synthase (ACC) 
gene and part of an rat myelin basic protein (Mbp) gene, was developed to be used as 
positive control in PCR. 
A part of potato ACC synthase sequence using primers ACC-Hyb F and ACC-
Hyb R was amplified from genomic DNA of potato and cloned into pGEM®-T Easy 
vector. The resultant plasmid was digested with restriction enzyme Pst 1. A part of 
rat Mbp sequence using Mbp-F and Mbp-R was amplified from genomic DNA of rat 
and ligated to the Pst I digested plasmid. The size of the Hyb insert is 641 bp. The 
sequence and orientation of the hybrid clone were confirmed by DNA sequencing. 
The Hyb fragment was verified by two methods— enzyme digestion or nested PCR. 
For enzyme digestion, the purified Hyb fragment was digested either with EcoR I or 
P对 I. The EcoR I digestion produces three fragments of 143 bp, 215 bp and 283 bp in 
length. The Pst I digestion produces two fragments of 274 bp and 367 bp in length 
(Figure 4.2). For the nested PCR approach, Hyb nested forward and reverse 
generated a PCR product of 379 bp in length. Hyb nested forward and reverse 2 
generated a PCR product of 423 bp in length (Figure 4.3). 
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4 .2 .3 Se lec t ion o f p r imer s fo r internal cont ro l 
Primers were designed according to sequences of soy Acc (Genebank Accession no. 
X67100), torn Acc (Genebank Accession no. AF043122), pot Acc (Genebank 
Accession no. Z272735), corn zein (Genebank Accession no. X07535) and rice Acso 
(Genebank Accession no. X85747). 
P r i m e r S e q u e n c e S ize o f 
a m p l i c o n 
(bp) 
S o y A c c F l 5’-GGC ACA GTC ATG GAC AGA AAC-3’ 2 6 5 
S o y A c c R l 5 , - A A T G G A C C A C A G C A T C A T T G - 3 ’ 
T o m A c c F l 5，-CGA AAG ATT TGG GAC TTC CA-3’ ^ 
T o m A c c R 1 5,-CAA CCC AGC ATT GCT CTC A-3’ 
P o t A c c F 1 T ^ G C T g a g g a g T G C T G G G A T T - 3， ^ 
~ ^ A c c R 1 5,-CCT TGT TTC CAT GAA ATG GTG-3, 
C o r n Z e i n F1 T ^ C C A TTG GGT ACC ATG AAC C-3 ’ ^ 
" ^ m Z e i n R 1 5'-AGC ATA ATC TGC GAG ACG G-3’ 
R i c e A C S O F1 5’- GGA CGA GGT GGA GAA GAT GA-3， f j O 
R i c e A C S O R 1 5,-TCG CAG AGC AGG TCC AGT A G - T ~ 
Table 4.2 Primer sequences used in the amplification of internal control. 
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4.3 Results 




300~~^ H^Hhh^ ^^ I 
2 0 0 ~ ~ 
150— 
1 0 0 — 
Figure 4.1 Construction of Hyb clone by PCR amplification. Agarose gel 
electrophoresis of nucleic acid amplification products of genomic DNAs of potato and 





Figure 4.2 Agarose gel electrophoresis of restriction enzyme digestion and nucleic 
acid amplification products of the Hybrid clone (Hyb). Lanes: 1, EcoRI digestion of 
Hyb; 2, PstI digestion of Hyb; 3，undigested Hyb; M, 50 bp ladder (MBI Fermentas); 
4, amplification of Hyb nested primers 1; 5, negative control; 6, amplification of Hyb 
nested primers 2; 7, negative control. 
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2 0 0 — 
Figure 4.3 Agarose gel electrophoresis of nucleic acid amplification products of soy, 
potato, tomato, maize and rice respectively. Lanes: M, 50 bp ladder (MBI Fermentas); 
1，soy Acc; 2, potato Acc; 3, tomato Acc; 4, com zein; 5, rice Acso. 
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4.4 Discussion 
DNA fingerprinting based on polymerase chain reaction (PGR) is widely used 
in plant research for the identification of genotypes, strains and cultivars; paternity 
analysis; estimation of genetic relatedness and genome mapping. However, the 
liability and reproducibility of PGR relies highly on the DNA quality. During DNA 
extraction inhibitors are sometimes co-precipitated with DNA. These inhibitors may 
interfere PGR leading to false negative results. To circumvent the problem, both of 
better extraction protocols corresponding to different types of food matrices and an 
indicator or marker reflecting to PGR performance should be applied. 
An artificially synthesized DNA clone, Hyb, consists of half its sequence 
derived from potato 1 -aminocuclopropane-1 -carboxylate synthase (ACC) and half of 
its sequence from rat myelin basic protein (Mbp), does not exist in nature. This 
hybrid clone will act as an external control to give a signal on the practicability of 
PCR. The external control will need to be added prior to DNA extraction and 
amplification of the external to be performed with the Hyb primers. The presence of 
Hyb PCR product proves there is no inhibitory materials presence affecting the PCR 
testing process and the Hyb DNA remains intact throughout the extraction procedures. 
As the external control does not occur naturally, this uniqueness of the insert will be 
an absolute indication that PCR amplification is successful. The external control is 
versatile as it is compatible to any kind of DNA extraction protocols and it can be 
applied to any types of detection systems including GMO detection and pathogen 
detection. 
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Although with the use of external control the PCR performance is validated. 
There is a possibility that DNA extraction is not successful or the DNA content of the 
sample is so minute that extraction was not possible. Therefore species-specific plant 
genes, to be served as internal controls in the detection and identification of 
genetically modified organism (GMO) in food, was developed. With the use of 
species-specific primers in the screening protocol, a confidence has been achieved to 
further validate both the extraction protocols and the PCR testing process. 
Internal controls were chosen for the five major field crops — maize/com, 
soybean, potato, tomato and rice. Plant genes that are present in low copy and highly 
specific were considered in constructing as internal control validating the screening 
protocol. Different genes were chosen for each type of crops as they are highly 
conserved. The size of the PCR products has to be considered, as the primers will 
eventually be incorporated into the multiplex amplification system. 
ACC synthase (S-adenosyl-L-methionine methylthioadenosinelyase) and ACC 
oxidase are the two key enzymes catalysing the formation of ethylene from AdoMet. 
Ethylene is a simple organic molecule with complex biological function on the growth 
and development of higher plants. Its functions include promoting fruit ripening, 
flower senescence, and petal and leaf abscissions, inhibiting seedling elongation, and 
stimulating root initiation. The sequences of ACC synthase of tomato, potato, and soy 
and the sequence of ACC oxidase of rice were obtained from NCBI. As there was no 
available data on the sequence of ACC synthase on maize, a different gene was used 
instead. The zein proteins, the alcohol-soluble prolamines, is a major seed storage 
proteins synthesized in abundance. The sequence of zein was also obtained from 
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NCBI. Primers for internal control will be used in conjunction with the standardized 
primers for the detection of transgenes in a wide range of food matrixes. The 
presence of specific product will indicate that amplifiable DNA has been extracted 
successfully. 
Avoiding false-positives as well as false-negatives is very important in the 
reliability of a detection assay. False-positive results often arise from carry-over 
contamination. Several techniques have been published for avoiding carry-over 
effects (Carrino & Lee，1995;Wolcott，1992). The most frequently used method 
employs the enzyme uracil-DNA-glycosylase, which removes all uracil bases from 
the DNA sugar-phosphate backbone (Longo et al., 1990). Unspecific primers should 
be avoided to prevent false-positive results. False-negative results can be assessed by 
a second PCR or plant-specific sequences, as described here. With the use of both 
external and internal controls the performance for both DNA extraction and PCR 







Extraction of high quality DNA is critical in the PCR analysis of DNA. The 
DNA extracted from processed foods is often highly degraded and contaminated with 
proteins, fats，polysaccharides and other secondary compounds. These materials may 
interfere in PCR thus leads to false negative results (Meyer, 1999). A negative result 
could be caused by the presence of inhibitor or the lack of amplifiable DNA. To 
overcome the problems, both of better extraction protocols corresponding to different 
types of food matrices and an external control acting as an indicator reflecting PCR 
performance are warranted. 
In this chapter different extraction methods will be used to compare the 
efficiency in extracting DNA from different food matrices, including those previously 
shown to contain inhibitory materials. And the hybrid clone developed in the lab will 
be used a 'spiked' control to validate the PCR performance. 
Sample Sample description CTAB Q i a g e n P r o m e g a Promega 
no. (grams) DNeasy Genomic Magnetic  
(grams) (grams) (grams) 
51 Coffee Creamer 0.1022 0.1057 0.1075 0.1051 
52 Creamy Peanut Butter "0.1Q34 " a 1005 0.1063 
5 3 Sardines in Tomato Sauce 0.1016 — 0.1038 0.1028 0.1038 
5 4 Java French Onion Snacks 0.1025 — 0.1001 0.1079 0.1035 
55 Shrimp Peanut " 0 ) 7 4 0.1065 0.1078 
56 Chilli Sauce 0.1046 ~0.1Q31 " a 1040 0.1042 
57 Peanut Chocolate 0.1073 0.1050 ^ Q J j S O j ] ^  
Prawn Roll ~ 0.1005 "Q.1Q48 1^1038 0 . 1 0 7 2 ^ 
S9 Pork Floss " 0 ) 6 1 0.1035 0.1042 Q.1Q38 ~ 
Squid 0 .1052~~ 0.1017 — 0.1077 0.1012 
Satay Beef Sliced 0.1047 | 0.1032 | 0.1057 0.1062 
Table 5.1 Weight of solid samples 
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5.2 Reagents and Buffers for DNA extraction from food samples 
Some solutions were provided in kits. 
5.2.1 Cetyltrimethylammonium bromide (CTAB) extraction method 
• 1 X CTAB extraction buffer 
50 mM Tris-HCl pH 8.0 
0.7 M NaCl 
10 mM EDTA 
1% CTAB 
20 mM 2-mercaptoethanol (to be added before use) 
參 2 X CTAB Precipitation Buffer 
100 mM Tris-HCl pH 8.0 
20 mM EDTA 
2 % (w/v) CTAB 
• 10 % CTAB 
10 % (w/v) CTAB 
0.7 M NaCl 
All CTAB solutions were sterilized by autoclaving at 121�C for 15 minutes 
and stored above 15®C. 
112 
5.2.2 Organic-based extraction method 
拳 Stain extraction buffer 
10 mM Tris-HCl pH 8.0 
10 mM EDTA 
0.1 MNaCl 
2 % SDS 
5.2.3 Potassium acetate/sodium dodecyl sulphate precipitation method 
• Extraction buffer (EB) 
100 mM Tris-HCl pH 8.0 
500 mM EDTA 
500 mM NaCl 
10 mM 2-mercatoethanol pH 8.0 (to be added before use) 
Sterilized by autoclave at 121�C for 15 minutes 
• 20% SDS 
20 g sodium dedecyl sulfate, make up to 100 ml with distilled water. 
Adjust to pH 8.0 with HCl 
參 5M Potassium acetate 5M KOAc 
The working solution is 5 M with respect to acetate and 3 M with 
respect to potassium. Mix 60 ml of 5 M potassium acetate solution and 
11.5 ml of glacial acetic acid. Add 28.5 ml distilled water and store at 
room temperature. 
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參 3M Sodium acetate pH 5.2 3M NaOAc 
24.61 g of anhydrous sodium acetate and 70 ml distilled water. Adjust 
to pH 5.2 with glacial acetic acid and make up to 100ml, autoclave and 
store at room temperature. 
• Tris-EDTA (TE) buffer pH 8.0 
10 mM Tris-HCl pH 8.0 
1 mM EDTA 
Sterilized by autoclave at 121�C for 15 minutes 
5.2.4 Hexane-based extraction method 
參 Extraction Buffer 
100 mM Tris-HCl pH 6.4 
500 mM EDTA pH 8.0 
2.6 g Triton X 100 
120 g Guanidine thiocyanate 
Filter sterilized through 0.2 [iM pore 
Sample no. Sample description SDS/Potassium P r o m e g a H e x a n e -
acetate (grams) Magnetic based 
- (grams) (grams) 
LI Soy Sauce 0.1095 0.1037 0.1034 
_L2 Dark Soy Sauce 0.1055 0.1030 0.1089 
C o ^ 0.1024 — 0.1030 0.1033 — 
L4 Lemon Lime Soda 0.1028 0.1042 0.1010 
L5 Soya Bean Milk 0.1034 0.1033 0.1021 
L6 Vanilla Ice-cream 0.1059 0.1012 0.1018 
L7 Chrysanthemum Tea 0.1039 "5.1048 "0.1067 
Chocolate Milk 0.1016 0.1068 0.1049 
Table 5.2 Weight of liquid samples 
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5.3 Weight and names of samples 
Samples were weighed to approximately 100 mg to compare the efficiency of 
extraction methods (Table 5.1, 5.2 & 5.3). 
Sample no. Sample description SDS/Potassium Promega Hexane-
acetate (grams) Magnetic based 
(grams) (grams) 
Sesame Oil 0.1021 0.1007 0.1005 
- 0 2 Margarine 0.1006 — 0.1047 — Q.1Q12 一 
- 0 3 Canola Oil 0.1010 ~ ~ 0.1027 0.1006 一 
Corn Oil 0.1077 — 0.1017 0.1056 一 
0 5 Lecithin Oil 0.1066 Q.1Q25 0.1043 
Table 5.3 Weight of oil samples 
5.4 DNA extraction methods 
5.4.1 CTAB extraction method 
This method is a modification of the CTAB extraction method described by 
Murray & Thompson (1980), and Lichtenstein & Draper (1985). To 100 mg of 
ground food sample, 500 i^l of pre-warmed 1 X CTAB extraction buffer (56°C) and 
20 of 10 mg/ml RNase A was added, and incubated at 56°C for 30 min with 
occasional shaking. An equal volume of chloroform/isopropanol (24:1) was added 
and mixed to emulsify. The tube was centrifuged at 13,000 rpm for 10 min to collect 
the supernatant. One-tenth the volume of 10% CTAB and an equal volume of 
chloroform was added to the supernatant and mixed. The tube was centrifuged at 
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13,000 rpm for 10 min to collect the supernatant to a fresh microcentrifuge tube. An 
equal volume of 2 X CTAB precipitation buffer was added to the supernatant and left 
at room temperature for at least 1 hour. The tube was centrifliged at 13,000 rpm for 
15 min and the pellet was drained. The pellet was dissolved in 1.5 M NaCl at 56�C 
for 10 min. An equal volume of chloroform was added and centrifuged at 13,000 rpm 
for 10 min. Two volumes of absolute ethanol was added to the collected supernatant 
and incubated at —20�C overnight or at - 7 0 � C for 1 hour. The DNA pellet was 
collected at 13,000 rpm for 15 min, washed twice in 65% ethanol and twice in 85% 
ethanol. The DNA was finally dissolved in 50 \x\ of distilled water. 
5.4.2 Qiagen DNeasy™ plant mini kit 
The procedures were carried out as described in 2.2.8.1. 
5.4.3 Promega Wizard® genomic DNA purification 
The procedure was performed according to the manufacturer. Homogenized 
sample of 100 mg was mixed with 600 |LI1 of nuclei lysis solution and incubated at 
6 5 � �f o r 15 min. Three microliters of RNase solution was added to the lysate, mixed 
and incubated at 37°C for 15 min. The sample was cooled to room temperature for 5 
min. Then 200 [i\ of protein precipitation solution was added and the solution was 
vortex vigorously at high speed for 20 seconds. The solution was centrifuged at 
13,000-16,000 rpm for 3 min to allow the precipitated protein to form a tight pellet. 
The supernatant was removed to a clean microcentrifuge tube containing 600 of 
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room temperature isopropanol. The solution was mixed gently until DNA form a 
visible mass. The tube was centrifuged at 13,000-16,000 rpm for 1 min at room 
temperature. The supernatant was decanted and 600 of room temperature 70% 
ethanol was added to wash the DNA. The tube was centrifuged again at 13,000-
16,000 rpm for 1 min at room temperature. The remaining ethanol was aspirated and 
the pellet was air-dried for 15 min. To rehydrate the DNA 100 \x\ of DNA 
rehydration solution was used, and incubated at 65�C for 1 hour or overnight at room 
temperature or at 
5.4.4 Promega Wizard® Magnetic DNA purification system 
To 200 mg of homogenized food material, 250 |LI1 of Lysis Buffer A and 2.5 
of RNase A was added and mixed by vigorous vortexing. Then 125 i^l of Lysis 
Buffer B was added and vortexed for 15 seconds. The tube was lay on its side and 
incubated at room temperature for 10 min. To the solution 375 |il of Precipitation 
Solution was added. The tube was vortexed vigorously and then centrifuged at 
13,000 rpm for 10 min. To the collected supernatant 15 |il of thoroughly suspended 
MagneSil™ Paramagnetic Particles (PMPs) was added and vortexed vigorously. 
One-eighth volume of isopropanol was added. The tube was inverted 15 times and 
incubated at room temperature with occasional mixing for 5 mm. The particles were 
collected on one side by standing the tube in the MagneSphere® Technology 
Magnetic Separation Stand for 1 min and the liquid phase was removed by pipetting. 
After removing the tube, 250 [i\ of Lysis Buffer B was added to the particles and 
mixed 2-3 times. The tube was, again, placed in the stand for 1 min to remove the 
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liquid phase. The particles were resuspended in 1 ml of 70% ethanol wash solution 
and placed in the stand to collect the particles. The 70% ethanol wash was repeated 
twice. The particles were dried at room temperature for 30 min or at 65°C for 10 min. 
The DNA was vortexed in 50 of distilled water and incubated at 65�C for 5 min. 
The tube was replaced in the stand for 1 min to collect the liquid with DNA to a fresh 
tube. 
5.4.5 Promega Wizard® DNA Clean-Up system 
The Syringe Barrel was attached to the Luer-Lok extension of each 
Minicolumn. The tip of the Minicolumn/Syringe Barrel assembly was inserted into 
the vaccum manifold. To a 1.5 ml microcentrifuge tube 1 ml of Wizard DNA Clean-
Up Resin was added. The extracted DNA sample (50-500 ^il) was added to the 
Clean-Up Resin and mixed by gently inverting several times. The resin /DNA mix 
was added into the Syringe Barrel. A vaccum was applied to draw the solution 
through the Minicolumn. Two millilitres of 80% isopropanol was added to wash the 
Syringe Barrel and vaccum was reapplied to draw the solution through the 
Minicolumn. The vaccum was continued for another 30 seconds to dry the resin. The 
Syringe Barrel was removed and the Minicolumn was transferred to a 1.5 ml 
microcentrifuge tube. The Minicolumn was centrifuged at maximum speed for 2 min 
to remove any residual isopropanol. The Minicolumn was transferred to a new 
microcentrifuge tube. To the Minicolumn 50 ofprewarmed water was added and 
left to stand for 1 min. The Minicolumn was centrifuged at maximum speed for 20 
seconds to elute the bound DNA. The purified DNA was then stored at -20°C. 
118 
5.4.6 Qiagen QIAshredder™ and QIAamp spin column 
To 100 mg ground food sample 180 |LI1 of ATL buffer and 20 …of proteinase 
K was added and incubated overnight at 56�C. The lysate was transferred to 
QIAshredder™ and spun at 13,000 rpm for 5 min. The flow through was removed to 
a new microcentrifuge tube. Two hundred |LI1 of AL buffer and 40 of 10 mg/ml 
RNase A was added. The solution was incubated at 70''C for 10 min. To the sample 
added 200 of 100% ethanol and mixed immediately by vortexing. The mixture was 
applied to a QIAamp spin column and spun at 6,000 g for 1 min. The column was 
washed twice with 500 of AW buffer and centrifuged at 13,000 rpm for 1 min. The 
DNA was eluted with 50 |LI1 pre-warmed (56°C) distilled water. 
5.4.7 Chelex-based extraction method 
To 100 mg of ground food sample 200 |al of 10 mM Tris-HCl (pH 8.0) was 
added. The solution was vortexed vigorously and incubated at 3TC for 15 min. To 
reach a final Chelex concentration of 5%, 0.01 g of Chelex (Bio-Rad) was added to 
the food slurry. The solution was incubated at 56�C overnight. Then 40 of 10 
mg/ml of RNase A was added to the food sample and incubated at 2>TC for 15 min. 
The solution was vortexed for 8 second and placed in a boiling water bath for 8 min. 
The tube was vortexed vigorously and centrifliged at 13,000 rpm for 3 min to collect 
the supernatant. Two volumes of 100% ethanol were used to precipitate the DNA at -
80OC for 1 hour. The tube was centrifliged at 13,000 rpm for 15 min. The precipitated 
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DNA was washed twice in 70% ethanol, air-dried and dissolved in 50 distilled 
water. 
5.4.8 Organic-based extraction method 
To 100 mg of food sample 200 |al of stain extraction buffer, 8 i^l of 1 M DTT 
and 5 of proteinase K was added. The solution was vortex vigorously and 
incubated overnight at 56�C. An equal volume of phenol/chloroform/isoamyl alcohol 
(25:24:1) was added and vortex vigorously for 10 seconds to emulsify the sample. 
The sample was centrifuged at 2,500 g for 10 min to collect the supernatant to a fresh 
microcentrifuge tube. Two volumes of absolute ethanol were added to precipitate the 
DNA at -20"C overnight or -70"C for 1 hour. The mixture was centrifuged at 13,000 
rpm for 15 min and washed twice in 70% ethanol. The DNA pellet was air-dried and 
dissolved in 50 |li1 distilled water. 
5.4.9 Nucleon PhytoPure extraction and purification method 
Chloroform, isopropanol and 70% ethanol was pre-cooled at -20°C. To 100 
mg of food sample 600 of reagent 1 and 1.2 i^l of 10 mg/ml RNase A was added. 
The solution was mixed thoroughly by vortexing and incubated at 37�C for 10 min. 
To the solution added 200 |il of reagent 2 and mixed until a homogenous mixture was 
achieved. The tube was left in a shaking water bath at 65°C for 10 min and then 
placed on ice for 20 min. The sample was removed from ice and an equal volume of 
cold chloroform was added. To the mixture added 100 |al of fully suspended Nucleon 
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Phytopure DNA extraction resin and left shaking for 10 min at room temperature. 
The tube was centrifuged at 1,300 g for 10 min and the upper DNA containing phase 
was removed to a fresh tube without disrupting the resin layer. This step was repeated 
if the upper layer appears green and cloudy. An equal volume of cold isopropanol 
was added and mixed until DNA precipitates. The DNA was pelleted at 4,000 g for 5 
min and washed twice in cold 70% ethanol. Finally the DNA was resuspended in 50 
|Lil of distilled water. 
5.4.10 Potassium acetate/Sodium dodecyl sulphate precipitation method 
To every 5 ml of liquid sample, 15 ml extraction buffer and 1 ml of 20% SDS 
was added and mixed thoroughly. The mixture was incubated at 65�C for 30 min. 
Then 5 ml of 5 M potassium acetate was added, mixed and chilled on ice for 20 min. 
The tube was centrifuged at 4,000 rpm for 60 min. The top aqueous layer was 
transferred to a fresh 50 ml Falcon containing 10 ml of isopropanol. The solution was 
gently mixed and incubated at - 2 0 � C for 60 min. The tubes were centrifuged again 
for 60 min. The supernatant was decanted and the tube was inverted to dry. The 
pellet was dissolved in 0.75 ml TE and transferred to a 1.5 ml microcentrifuge tube. 
An equal volume of phenol:chloroform:isoamyl alcohol was added, mixed and 
centrifuged for 5 min. The upper aqueous phase was removed to a fresh 
microcentrifuge tube. One-tenth volume of 3 M sodium acetate and 0.5 ml 
isopropanol was added, mixed and centrifuged at 14,000 rpm for 10 min at 4 � C . The 
pellet was washed with ice-cold 75% ethanol, air-dried and dissolved in 50 |al distilled 
water. 
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5.4.11 Hexane-based extraction method 
To 2 g of food sample in a 50 ml Falcon tube 10 ml of n-hexane and 1 ml of 
extraction buffer was added and centrifuged at 3,000 rpm for 20 min. The upper layer 
was removed to a fresh microcentrifuge tube. An equal volume of chloroform was 
added to the mixture, mixed and centrifuged at 15,000 g for 10 min to collect the 
upper layer. Two microliters of glycogen (20 jLig/^ d) and 0.8 volume of isopropanol 
was added and incubated at room temperature for 30 min. The mixture was 
centrifuged at 15,000 g for 10 min to obtain a DNA pellet. The pellet was washed 
twice with 70% ethanol and air-dried. The pellet was dissolved in 0.2 X TE. The 
resin in the Microspin S300 column was resuspended by vortexing. The lower cap 
was released and placed in a microcentrifuge tube to pre-spin at 735 g for 1 min. The 
column was removed to a new tube and the DNA solution was applied slowly to the 




5.5.1 Comparison of eleven extraction methods 
These samples were chosen from previous experiment because of the presence 
of inhibitory materials. 
Sample No. Sample Description  
Al Coffee Creamer  
A2 Peanut Chocolate  
A3 Prawn Rolls 
A4 Pork Floss 
A5 Squid 
A6 Stay Beef Sliced 
Table 5.1 List of samples used to compare eleven extraction methods. 
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Extraction Method Sample 
Al I A2 I A3 I A4 | A5 | A ^ 
"CTAB " I ~ ~ ： ~ ~ ； ~ ~ + 一 
CTAB + Qiagen Shredder + I ； I I 
CTAB + QIAamp spin column 一 _ + _ 一二 ^ 
CTAB + Cleanup I I + I I 
Qiagen Shredder + QIAamp spin column 一 : I I + ^ 
Promega Genomic Purification kit + 二 + + + ^ 
Qiagen DNeasy kit + — — + ~Z ^ 
Promega Magnetic kit + + + + ^ 
Organic-based extraction method _ 一- I I I IT" 
Chelex-based extraction method — ~Z I I + ：一 
Phytopure Genomic extraction 一 _ _ 一 + + 
Table 5.2 The effectiveness of extraction methods 
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5.5.2 Comparison of DNA extraction on selected methods 
CTAB extraction Promega Wizard® 
^ ~ ~ 7 0 0 
^ ~ 6 0 0 
^ ~ ~ 5 0 0 
^ — — 4 0 0 
^ — — 3 0 0 
^ 2 0 0 
^ — — 1 5 0 
^ ~ 1 0 0 
Figure 5.1 Amplification of Hybrid clone for solid samples. Lanes: M, 50 bp ladder 
(MBI Fermentas); 1，13, Coffee Creamer; 2, 14, Creamy Peanut Butter; 3, 15，Sardine 
in Tomato Sauce; 4, 16, Java French Onion Snacks; 5, 17, Shrimp Peanut; 6, 18, 
Chilli Sauce; 7，19，Peanut Chocolate; 8，20, Prawn Roll; 9, 21, Pork Floss; 10，，22'， 
Squid; 11,23, Satay Beef Slice; +, positive control; negative control. , , ， 
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Promega Wizard® genomic Hexane/ Guanidine thiocyanate 
一 purification kit extraction method 
^ — — 7 0 0 
^ — — 6 0 0 
^ ~ 5 0 0 
^ — — 4 0 0 
^ — — 3 0 0 
^ 200 
Figure 5.2 Amplification of Hybrid clone for solid samples. Lanes: M, 50 bp ladder 
(MBI Fermentas); 1, Coffee Creamer; 2, Creamy Peanut Butter; 3, Sardine in Tomato 
Sauce; 4，Java French Onion Snacks; 5, Shrimp Peanut; 6, Chilli Sauce; 7, Peanut 
Chocolate; 8，Prawn Roll; 9, Pork Floss; 10，Squid; 11, Satay Beef Slice; +, positive 
control; negative control. 
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Qiagen DNeasy plant DNA puridication kit 
bp 
700 




2 0 0 - — 
1 5 0 - - - -
100-
Figure 5.3 Amplification of Hybrid clone for solid samples. Lanes: M, 50 bp ladder 
(MBI Fermentas); 1, Coffee Creamer; 2, Creamy Peanut Butter; 3，Sardine in Tomato 
Sauce; 4，Java French Onion Snacks; 5, Shrimp Peanut; 6, Chilli Sauce; 7, Peanut 
Chocolate; 8，Prawn Roll; 9, Pork Floss; 10, Squid; 11, Satay Beef Slice; +, positive 
control; -, negative control. 
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Hexane/ Guanidine 
SDS/KOAc extraction Promega Wizard thiocyanate 
__ jnethod Magnetic kit extraction method 
； 
y g ^ L i l 22 23 24J25 26 ^7 
r Lm- . . ‘ _ . 
[纏.、:'： 
...鲕 .  
f B . : -
I 
fegT bp 
n u i — 1 � � 
J T IBM, III I ‘ ISiMJk^iBgi^^ 
Figure 5.4 Amplification of Hybrid clone for liquid samples. Lanes: M, 50 bp ladder 
(MBI Fermentas); 1, 10，19, Soy Sauce; 2, 11, 20, Dark Soy Sauce, 3, 12,21, cola; 4, 
13, 22, Lemon Lime Soda; 5, 14，23, Soya Bean Milk; 6，15, 24, Vanilla Ice-cream; 7, 
16, 25, Chrysanthemum Tea; 8，17, 26, Chocolate Milk; 27, positive control; 28: 
negative control. 
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SDS/KOAc Promega Wizard Hexane/ Guanidine 
extraction Magnetic kit thiocyanate  









Figure 5.5 Amplification of Hybrid clone for oil samples. Lanes: M, 50 bp ladder 
(MBI Fermentas); 1, 7, 13, Sesame Oil; 2，8，14, Margarine; 3, 9, 15, Canola Oil; 4, 
10, 16, Corn Oil; 5, 11, 17, Lecithin Oil; +, positive control; -，negative control. 
129 
Sample Sample CTAB Promega Promega Hexane- Qiagen 
no. description Magnetic Genomic based DNeasy 
5 1 Coffee Creamer - - I 一 一 
52 Creamy Peanut — + weak - — + 
Butter  
53 Sardines in + — + + 
Tomato Sauce 
54 Java French — + weak + + + 
Onion Snacks  
5 5 Shrimp Peanut — + weak I I + 
5 6 Chilli Sauce — + weak - - + 
57 Peanut - + weak - I + 
Chocolate  
5 8 Prawn Roll — _ + weak - I 
59 Pork Floss + - + weak - + — 
510 Squid + ~ + weak + — + + + 
511 Satay Beef + weak - + + + weak  
Sliced  
Table 5.8 Comparison of effectiveness of extraction methods on solid samples 
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Sample Sample description SDS/Potassium P r o m e g a H e x a n e -
no. acetate Magnetic based 
LI Soy Sauce - — + 
L2 Dark Soy Sauce - + weak + 
~L3 Cola ~ - -
L4 Lemon Lime Soda - + weak + 
L5 Soya Bean Milk — � + 
L6 Vanilla Ice-cream — + 
L7 Chrysanthemum Tea - — + 
L8 Chocolate Milk 一 + 
0 1 Sesame Oil — + 
0 2 Margarine - + weak + 
~03 Canola Oil — ' _ — + — 
" O ^ Corn Oil - +weak + 
0 5 Lecithin Oil _ — + 
Table 5.9 Comparison of effectivness of extraction methods on liquid and oil samples 
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5.6 Discussion 
Failure to detect PCR products of transgenes does not necessarily mean the 
food is GMO free, as it could simply be due to the presence of PCR inhibitors. To 
overcome this problem, both of better extraction protocols corresponding to different 
types of food matrices and an indicator or marker reflecting PCR performance is 
necessary. Different extraction methods were used to compare the efficiency of 
DNA extraction. The use of external control helps to differentiate the absence of 
transgenes from that of existence of PCR inhibitors in cases of negative results. 
Although it had been reported that the DNA present in oil is too minute to be 
amplify, DNA fragments were successfully identified in samples of coldpressed oil, 
as well as in samples of refined oil (Hellebrand et al, 1998). The report also 
indicated that the amplification of short fragment (< 400 bp) is more successful than 
that of longer fragments (> 400 bp) and caution has to be taken for obtaining DNA 
suitable for amplification. The different processing steps during oil production will 
definitely affect the amount of DNA remains in oil. Sugar is recovered from beet by a 
multi-step extraction and purification procedure. According to a report published by 
Klein, each step of the process proved to be very efficient in the removal of nucleic 
acids. This is another example of how the manufacturing process can degrade and 
remove DNA (Klein et al., 1988). Soy sauce is a seasoning widely consumed in 
Southeast Asia. One of its fragrant components, 4-hydroxy-5-methyl-3 (2H)-
furanone (HMF), can induce DNA single-strand breaks (Hiramoto et al., 1996b). 
This component is also found in various foodstuffs including beef (Tonsbeek et al., 
1968), coffee (Tressl et al, 1978), cognac (Pisarnitskii et al., 1979), roasted sesame 
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seeds (Takei, 1988) and soybean paste (Sugawara, 1991). Although HMF is unstable 
and readily degrades at pH 7.4, it is rather stable in a mildly acidic medium. Since the 
pH value of soy sauce is around 5.5, HMF is capable of degrading DNA that remains 
after processing. Another fragrant compound, 4-hydro-2-hydroxy-methyl-5-methyl-
3(2H)-furanone (DMHF), also found in many processed foodstuffs (Hiramoto et al., 
1996a), also cleaves DNA single strands via active oxygen radicals. Therefore not 
only processing will degrade DNA, but any residual DNA in the finished products can 
be subject to degradation in its environment. Hence an efficient extraction protocol 
must be able to remove these components as well as recovering the remaining traces 
of DNA. 
Approximately 100 mg of each of the samples were used for DNA extraction. 
One microliters of stock solution, equivalent to 10"^  molecules, of hybrid clone was 
added to food sample prior to extraction. The concentration of the hybrid clone was 
determined by PicoGreen quantitation dye. This number of molecules was chosen as 
to mimic a tolerance level of 1% of transgenes present in 100 ng of DNA samples. 
Extraction was carried out for each of the sample and PCR was performed using the 
Hyb forward and reverse primers. The resultant fragment is 641 base pair long. A 
positive result indicates that the extraction protocol is effective in extracting DNA 
from the food samples. We would expect some loss of the plasmid DNA but since 
PCR is an exquisitely sensitive technique the amount present after extraction should 
be sufficient for amplification. 
The degree of processing varies between the six samples. Only one of the 
extraction methods was able to extract Hyb clone from peanut chocolate. This could 
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mean that there are lots of inhibitory materials affecting PCR that are present in 
peanut chocolate. Of the eleven extraction methods tested, Promega Magnetic kit 
proved to be the most effective and the second most effective was Promega genomic 
extraction kit, whereas organic-based method was unable to extract DNA from any of 
the samples. This is probably because the organic-based method was primarily used 
to extract DNA from oil samples. Chelex resin was able to extract DNA from only 
one of the sample. The Chelex resin is composed of styrene divinylbenzene 
copolymers containing paired iminodiacetate ion that has an affinity for polyvalent 
metal ions, which may be donated by the sample. It is suited to extract DNA from 
forensic-type samples such as whole blood, bloodstains, seminal stains and buccal 
swabs. Some interesting results were observed. The CTAB method is known in its 
efficiency in extracting high molecular weight of DNA. However additional 
treatments, such as QIAshreddres, QIAamp and Clean up, performed after the CTAB 
method does not necessarily give a positive result. This indicates that additional 
treatments are not effective in removing inhibitors as well as preserving the existing 
DNA. Therefore no conclusion should be drawn from this preliminary result as the 
size of sampling is too small. 
As we cannot draw a conclusion from this set of results, another comparison 
was made using food of different physical forms (solid, liquid and oil samples) and on 
selected extraction methods targeted for the products. The samples chosen for the 
second part of the experiment were shown to contain inhibitors to some extent (data 
not shown). For solid samples, there was not a particular extraction protocol that was 
suitable to work on all the samples. Maybe a thorough screening is necessary to find 
an effective means of extracting DNA from different samples. Although the magnetic 
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system was fairly effective in extracting DNA from solid samples, but it is not suited 
to extract DNA from liquid or oil samples as the resultant fragment is rather weak. 
For both liquid and oil samples，hexane-based method was the most effective, 
although the Promega magnetic system gave some positive results it was not very 
effective as the resultant bands were weak in comparison to those obtained from the 
hexane-based method. The hexane-based method was able to extract the hybrid clone 
except for coke. Coke contains colourings, which is probably the causative agent of 
inhibition. One interesting outcome observed is that the band resulted from the 
extraction of the magnetic system is weak as compared to other bands. This could be 
due to the loss of DNA during extraction is quite significant. 
The isolation of DNA from food samples poses the most challenging steps. In 
addition, the use of appropriate primers is necessary to facilitate detection. In general, 
the shortest possible primer that produces specific PCR products should be selected 







Real-time PCR is a new technology that combines thermal cycling, fluorescence 
detection and application-specific software to monitor and quantify PCR products 
throughout the amplification process. The real-time system is capable of detecting 
PCR products as they accumulate during amplification and enable an accurate and 
reproducible quantitation over a wide range of magnitude. PCR products are 
quantified every cycle and the results are readily available after the reaction without 
additional processing (Heid et al, 1996; Lockey et al, 1998; Wolcott, 1992). 
Real-time PCR has many advantages over competitive (semi-quantitative) PCR, 
including a faster turnaround time, high throughput owing to simultaneous 
amplification and detection, and the use of a fully enclosed system that translates 
fewer chance of amplicon contamination. The concept of competitive PCR is based 
on the co-amplificiation of the target and an internal competitor template using a same 
set of primers. The competitor template, usually in the form of plasmid, is flanked 
by the primer-specific sequences of the target DNA. The competitor template 
always contains a deletion or insertion of additional sequence to allow direct 
comparison of amplified products on agarose gel. The number of target molecules is 
estimated by comparing the ratio of products generated from the target and competitor 
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by visual assessment on ethidium bromide stained agarose gels, Southern blot 
hybridization, or colorimetrically by enzyme-linked immunosorbent assays (ELISAs). 
6.1.1 Chemistry for quantitative PCR 
Three chemistries are available for the real-time assay (Jordan, 2000). The first 
chemistry is based on SYBR Green dye. SYBR Green is believed to bind to the 
minor groove of DNA and emits fluorescence in complex with double-stranded DNA. 
However it will detect all double-stranded DNA including any non-specific reaction 
products. A well-optimized reaction is therefore essential for accurate quantitative 
results. The second chemistry involves hairpin probes or Molecular beacons™, 
which are single-stranded DNA that form a stem-and-loop structure (Jordan, 2000). 
They differ slightly from TaqMan® probes by having inverted terminal repeat (ITR) 
at the 5, and 3, end. The two ITRs are self-complementary to each other to form a 
stable，hairpin structure, whereas the internal sequence of a Molecular Beacon™ is 
complementary to its target. A fluorophore is linked to one end of the probe and a 
quencher is linked to the other end. Fluorescence is quenched when the probe is in 
the stem-and-loop conformation. However, when the probe sequence in the loop 
anneals to a complementary nucleic acid target sequence, the longer and stronger 
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probe-target duplex unwinds the shorter hairpin stem. This results in the separation 
of the fluorophore and quencher and switches on the fluorescence. Again, with the 
use of a sequence detector, the increase in fluorescence is detected continuously. 
Finally, the use of the fluorogenic 5' nuclease assay or TaqMan assay (Livak et al., 
1995), which consists of a hybridization oilgonucleotide labeled with both a 
fluorescent reporter and a quencher dye. When the probe is intact, fluorescent 
energy transfer occurs and the reporter dye fluorescent emission is absorbed by the 
quenching dye. Cleavage of the fluorogenic probe during amplification by 5, 
nuclease activity of DNA polymerase liberates the reporter dye and the reporter dye 
emission is no longer transferred efficiently to the quenching dye, leading to an 
increase in reporter fluorescence intensity (Figure 6.1). 
There has also been a new development of Taqman™ probe, Taqman™ Minor 
Groove Binding (MGB) probe (Afonina et al, 1997; Kutyavin et al., 1997). MGBs 
are relatively long, crescent-shaped molecules which bind isohelically to the minor 
groove of DNA through van der Waals contacts, hydrophobic and electrostatic 
interactions. The backbone of the Taqman probe has been modified to incorporate 
the minor groove binder (MGB) groups to form very stable hybrids with 
complementary single-stranded DNA targets (Kutyavin et al., 2000). In comparison 
with unmodified DNA, MGB probes have higher melting temperature and increased 
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specificity. Another remarkable feature of the MGB probes is the low background 
fluorescence. This is presumably due to the shorter length of the probe or more 
efficient quenching of the quencher and reporter. Since MGB probes are shorter in 
length, this makes probe design easier. 
Polymerization R = Reporter 
Fo隱d (R) 0 = Quencher 
C, Primer Probe V^。丨 
3 ' — 5 " 
5 ' 3 ' 
^ 5 ' 
Reverse 
Strand displacement � p—er 
5'丨丨丨丨丨丨丨 ⑨ 。 . 
3 ' — — — 5 . 
5 ' 3 . 
< 5 ' 
Cleavage s A / 
3 ' 5 ' 
5 _ 3 . 
< 5_ 
Polymerization � 
completed A i j ^ � _ � 
5 ' ^ ^ ^ ^ ^ 
3 ' 5 , 
5 ' 3 ' 
5 . 
Figure 6.1. Diagram of 5' nuclease assay. Stepwise representation of the 3' 
nucleolytic activity of Tag DNA polymerase on a fluorogenic probe during one 
extension phase of PCR. 
6.1.2 PCR system 
The PCR mixture contains AmpliTaq Gold polymerase, Mg++，uracil DNA 
glycosylase (UDG), deoxyribonucleotide triphosphates with dUTP, and proprietary 
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stabilizers at concentrations optimized for real-time PCR applications (Livak et al., 
1998). UDG is an additional component that prevents reamplification of PCR 
carryover products. UDG or uracil-N-glycosylase (UNG) removes uracil residues 
from single or double stranded DNA. dU containing DNA which has been digested 
with UDG is unable to serve as template in future PCRs. Since dUTP is substituted 
for dTTP in the PCR, any amplified DNA will contain uracil. Incubation of 
subsequent PCRs with UDG before cycling destroys any carry-over dU-containing 
PCR product from previous reactions. UDG is inactivated at high temperature 
during PCR thermal cycling thereby allowing amplification of genuine target 
sequences. 
The ABI 7700 System performs fluorescence-based analysis inside the PCR tube 
without the need for any post-PCR purification or analysis. Samples and reagents 
are simply added to the PCR tube, then the tube is capped and placed onto the system. 
The 7700 System automatically measures the fluorscent spectra of all 96 wells of the 
thermal cycler continuously during PCR amplification. Therefore, the reactions are 
monitored in real time. This approach can be referred to as a ‘homogeneous 
closed-tube assay.‘ 
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Generally two types of quantification in real-time PCR are possible (User 
Bulletin #2): (i) a relative quantification based on the relative expression of a target 
gene versus a reference gene, (ii) an absolute quantification, based either on an 
internal or an external calibration curve. A normalization of the target gene with the 
endogenous standard is recommended for a reliable and accurate quantification 
model. 
6.2 Materials & Methods 
6.2.1 Design of primers and probes 
Primers and probes were designed using Primer Express® 1.5 supplied with ABI 
Prism 7700 Sequence Detection System. Primer Express is optimized for use with 
Applied Biosystems assays, consumables, probes, instrumentation, reagents and 
thermal cycling parameters. The guidelines used to design the primers and probes 
are listed below. Primers and probes were designed on sequences of 35S CaMV 
promoter, nos terminator, neomycin phosphotransferase {nptll), Agwbacterium CP4 
EPSPS, B, thuringiensis crylAb and bar. 
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TaqMan probe design guidelines in the order of priority: 
(0 Probes with a guanine residue at the 5, end of the probe was avoided; 
(ii) Probes were selected with an estimated Tm of 68 - 70''C; 
(iii) The length of TaqMan probes should not be longer than 30 nucleotides; 
(iv) Runs of identical nucleotide were avoided. 
TaqMan primer design guidelines in the order of priority: 
(i) Runs of identical nucleotide were avoided; 
(ii) Primers were selected with an estimated T^ of 5 8 - 60°C; 
(iii) The GC content is kept within 20-80%; 
(iv) The last five nucleotides at the 3' end contained no more than two GC 
residues; 
(V) The forward and reverse primers were placed as close as possible to the probe 
without overlapping it. 
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Primer Sequence Size of 
amplicon (bp) 
35S Tag F1 5,-GAC GTT CCA ACC ACG TCT TCA-3， 
35S probe 5'-TCC ACT GAC GTA AGG GAT GAC GCA  
CAA T-3 ’ 
35S Tag R1 5,-GAG GAA GGG TCT TGC GAA GG-3’ 
Nos-t MGB F1 5'-GAT TAG AGT CCC GCA ATT ATA CAT Tl 
TTAA-3,  
Nos-t MGB probe 5 ,-ACG CGA TAG AAA ACA-3 ’ 
Nos-t MGB R1 5,-TTT ATC CTA GTT TGC GCG CTA TAT T-3, 
Nptll Tag F1 5’-CTG GAC GAA GAG CAT CAG GG-3, \ i \ 
Nptll probe 5,-ATC TCG TCG TGA CCC ATG GCG ATG-3, 
Nptll Tag R1 5^-CGATGAATC CAG AAA AGC GG-3, 
EPSPS Tag F1 5,-GCA AAT CCT CTG GCC TTT CC -3, 
EPSPS probe 5’-TTC ATG TTC GGC GGT CTC GCG-3’ 
EPSPS Tag R1 F -CTT GCC CGT ATT GAT GAC GTC-3， 
Cry Tag F1 5,-GTG GAC AGC CTG GAC GAG AT-3’ 
Cry probe 5'-AAC AAC AAC GTG CCA CCT CGA CAG 
^  
Cry Tag R1 5'-TGC TGA AGC CAC TGC GGAAC-3’ 
Bar Tag F1 5，-ACT GGG CTC CAC GCT CTA CA-3, ^ 
Bar MGB probe 5'-CCA CCT GCT GAA GTC-3' 
i ^ T a q R1 |5,-CTC TTG AAG CCC TGT GCC TC-3 
Table 6.1 Primer and probe sequences used in real-time PCR. 
144 
6.2.2 Methods 
The Perkin-Elmer ABI Prism 7700 Sequence Detection System was used for 
real-time analyses. A master mix is crucial in quantitative applications to reduce 
pipetting errors. A master mixture containing all the required components except 
sample template was prepared and equal aliquots was dispensed into each reaction 
tube. Amplification reactions (25 |li1) contained template DNA, 1 X PCR Buffer, 
100 |liM dATP, dCTP, dGTP, and 200 |liM dUTP, 4 mM MgCb, 0.75 Unit ofAmpliTa^y 
DNA polymerase, 0.25 Unit of AmpErase uracil N-glycosylase (UNG), 100 nmole of 
forward and reverse primers, and 200 nmole of fluorogenic probe was prepared. 
Reaction tubes were MicroAmp Optical Tubes that were frosted to prevent light from 
reflecting. Tube caps were similar to MicroAmp Caps but specially designed to 
prevent light scattering. The reaction mixture was subjected to a thermal cycling 
condition of 2 min at 50^C and 10 min at 95�C. Thermal cycling proceeded with 40 
cycles of 95�C for 15 sec and 60�C for 1 min. All reactions were preformed in the 
Model 7700 Sequence Detector. Reaction conditions were programmed on a Power 
Macintosh linked directly to the Model 7700 Sequence Detector. Analysis of data 
was also preformed on the Macintosh computer. 
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6.3 Results 








1 0 0 一 
Figure 6.2. Amplification of 35S CaMV promoter Taqman primers. Lanes: M, 50 bp 
ladder (MBI Fermentas); 2, transgenic plant; 3, Roundup Ready soy; 4, Bt-176. 
bp 
5 0 0 — 
4 0 0 ~ 
3 0 0 一 
250—— 
1 5 0 一 
100 
5 0 ~ 
Figure 6.3. Ampiinuciuuii u ^ I I J ^ S T I I I J S S ^ S I f i S ^ J f ^ I ^ ^ ^ ^ c u i e s : M, 50 bp ladder 
(MBI Fermentas); 1, transgenic plant; 2, Roundup Ready soy; 3, Bt-176. 
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bp C m ^ ^ H 
5 0 0 ~ r ^ i ^ ^ H 
4 0 0 ~ ^ B ^ ^ H 
3 0 0 ~ ~ 
2 5 0 ~ ~ 
2 0 0 ~ ~ ^ ^ H I H 
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1 0 0 ~ ~ ~ 
Figure 6.4. Amplification of nptll Taqman primers. Lanes: M, 50 bp ladder (MBI 
Fermentas); 1, transgenic plant. 
b p ^ f l 
5 0 0 — 
4 0 0 一 
3 0 0 一 
2 5 0 — 
2 0 0 一 
1 5 0 一 
i � � - ^ H 
Figure 6.5. Amplification of EPSPS Taqman primers. Lanes: M, 50 bp ladder (MBI 
Fermentas); 1，Roundup Ready soy. 
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bp 
5 0 0一 
4 0 0— 
3 0 0一 
2 5 0一 
2 0 0 — 
Figure 6.6. Amplification of crylAb Taqman primers. Lanes: M, 50 bp ladder (MBI 
Fermentas); 1, Bt-176. 
bp ^ ^ ^ H 
5 0 0— 
4 0 0 — m ^ ^ H 
3 0 0一 
250—— 
2 0 0 — 
1 5 0一 
: = B 
Figure 6.7. Amplification of bar Taqman primers. Lanes: M, 50 bp ladder (MBI 
Fermentas); 1, Bt-176. 
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6.3.2 Primer optimization 
All quantitative assays were run using the same universal thermal cycling 
parameters. A no template control was used to subtract any fluorescence that is not 
related to amplification. The concentrations of forward and reverse primer were 
independently varied to provide the optimal assay performance. For each of the 
TaqMan probe the primers concentration were spanned from 50 nM to 800 nM. 
Reverse Primer Forward Primer (nM) 
(nM) 50 400 800 
^ 50/50 400/50 800/50 
^ 50/400 400/400 800/400 
800 50/800 400/800 800/800 
Primer optimization was carried for all six primer/probe sets (35S CaMV 
promoter, nos terminator, nptll, EPSPS, cryXhh, and bar). The experimental reports 
generated for each probe are given below. 
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Forward primer/Reverse primer (nM) Cj 
5 0 ^ 17.61 一 
5 0 ^ 17.68 — 
400/50 17.46 一 















Roundup Ready DNA 1.2 ng 31.15 
Roundup Ready DNA 1.2 ng 31.44 
30 ng transgenic plant DNA 22.64 
30 ng transgenic plant DNA 22.98 
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Forward primer/Reverse primer (nM) C t 


















RR DNA1.2ng 29.33 
RR DNA 1.2ng 29.10 
30 ng transgenic plant DNA 21.94 
30 ng transgenic plant DNA 22.11 
Table 6.2 Primer optimization for 35S CaMV 
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Forward primer/Reverse primer (nM) C t 


















30 ng transgenic plant DNA 23.27 
30 ng transgenic plant DNA 23.46 
Table 6.2 Primer optimization for 35S CaMV 
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Forward primer/Reverse primer (nM) Cj 
5 0 ^ 18.00 









800/400 i Z w 
800/400 
50/800 





Roundup Ready DNA 1.2 ng 32.51 
Roundup Ready DNA 1.2 ng 32.40 
Table 6.2 Primer optimization for 35S CaMV 
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Forward primer/Reverse primer (nM) Cj 
50/50 26.37 
5 0 ^ 25.84 一 
400/50 25.57 一 
400/50 25.30 — 
800/50 25.40 一 
800/50 25.36 一 
50/400 24.24 











Bt-176 DNA 2.4 ng 29.54 
Bt-176 DNA 2.4 ng 30.10 
Table 6.2 Primer optimization for 35S CaMV 
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Forward primer/Reverse primer (nM) Ct 
5 0 ^ 23.40 ~ 
50/50 25.15 
400/50 26.03 一 















Bt-176 DNA 2.4 ng s T ^ 
Bt-176 DNA 2.4 ng 30.43 
Table 6.2 Primer optimization for 35S CaMV 
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6.3.3 Quantitative analysis of real samples 
Type Sample Name Ct Quantity Standard Mean  
(ng) deviation 
Standard 5% RR 34.26 l.Oe+00 0.00 T ^ 
Standard 5% RR 34.49 l.Oe+00 0.00 T ^ 
Standard 5% RR 31.77 5.Qe+0Q 0.00 5.00 
Standard 5% RR 31.47 5.0e+QQ 0.00 ^ 
Standard 5% RR 27.49 5.0e+01 0.00 • ^ 
Standard 5% RR 27.54 5.Qe+01 0.00 50.00 
Standard 5% RR 26.60 l.Oe+02 0.00 100.00 
Standard 5% RR 26.81 l.Oe+02 0.00 100.00 
Unknown Sample A 30.41 l.Oe+01 0.80 9.63 
Unknown Sample A 30.61 9.1e+00 0.80 9.63 
Unknown Sample B 29.33 1.96+01 0.13 19.18 
Unknown Sample B 29.35 1.9e+Ql 0.13 19.18 
Unknown Sample C 45.00 N/A 0.00 0.00 
Unknown Sample C 45.00 N/A 0.00 ^ 
Table 6.8 Experimental report generated from amplification of 35S CaMV promoter 







































































































































































































































































Type Sample Name Ct Quantity Standard Mean  
(ng) deviation 
Standard 5% Bt 34.41 l.Oe+OQ 0.00 - T ^ 
Standard 5% Bt 33.95 l.Qe+QO 0.00 L ^ 
Standard 5% Bt 31.07 5.Qe+0Q 0.00 
Standard 5% Bt 31.07 5.Qe+Q0 0.00 ^ 
Standard 5% Bt 26.43 5.0e+01 0.00 
Standard 5% Bt 26.45 5.Qe+Ql 0.00 50.00 
Standard 5% Bt 25.33 l.Oe+02 0.00 100.00 
Standard 5% Bt 25.15 1.0e+Q2 0.00 100.00 
Unknown Sample D 29.25 1.2e+01 0.26 12.57 
Unknown Sample D 29.19 1.3e+00 0.26 12.57 
Unknown Sample E 27.76 2.7e+01 4.26 23.64 
Unknown Sample E 28.25 2.1e+Ql 4.26 23.64 
Table 6.9 Experimental report generated from amplification of crylAb on genomic 

































































































































































































































































































DNA was extracted from powder of Roundup Ready soybean and Bt-176 maize 
(Fluka，Belgium) using Qiagen DNeasy Plant Mini kit. The DNA concentration was 
first estimated by measurement of absorbance at 260 nm (A260) and then by 
PicoGreen® dsDNA quantitation reagents to obtain a more accurate reading. The 
major disadvantages of the absorbance method are the large relative contribution of 
nucleotides and single-stranded nucleic acids to the signal. The interference is often 
caused by the inability to distinguish between DNA and RNA and contamination 
occurred in nucleic acid preparations. The A260 assay is relatively insensitivity as a 
reading of 0.1 at A260 corresponds to 5 ^ig/mL ds DNA solution. PicoGreen is an 
ultrasensitive fluorescent nucleic acid stain for quantitating double-stranded DNA. 
This dye can quantitate as little as 1 pg/|iL of ds DNA (50 pg ds DNA in a 2 mL assay 
volume) using a standard spectrofluorometer with fluroescein excitation and emission 
wavelengths at 480 nm and 520 nm respectively. Quantitating the absolute amounts 
of DNA is extremely important in real-time PCR, where the DNA concentration is 
critical in defining the amount of standard for use in determining the percentage of 
GM ingredients. Thus absorbance method was used to estimate the DNA 
concentration and PicoGreen is used to determine the concentration accurately. 
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Primer Express® software uses a set of default parameters to automatically select 
primers and probe. An important default parameter in Primer Express® software is 
the selection of amplicons in the 50-150 base pair range. Short amplicons are 
favoured because they promote high efficiency assays that work the first time. 
However it is possible that the selected primer/probe set does not work due to 
secondary structure, therefore it is highly recommended to try the primer pairs before 
attempting real-time PCR. The primers were first amplified with appropriate 
genomic DNA (Figure 6.2, 6.3, 6.4, 6.5, 6.6 & 6.7) before the probe was ordered. 
Several attempts were made before successful primers/probe were identified for nos 
terminator and bar. 
There are several options that can be used to designate the reporter dye. They 
include FAM, TET，JOE, VIC and each of them is characterized by its own emission 
spectra (User Bulletin #1). The fluorescent intensity of the quenching dye, TAMRA, 
changes very little over the course of PCR amplification, therefore its intensity can be 
served as an internal standard to normalize the variations of reporter dye emission 
ROX reference dye, supplied in the PCR buffer, acts to normalize the fluorescent 
reporter signal in real-time quantitative PCR. 
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Dye Excitation Wavelength (nm) Emission Wavelength (nm) 
FAM m  
VIC 488 “ ^ 
TET m 538 — 
JOE m 554 — 
TAMRA m ^ 
SYBR — 488 520 
ROX m m 
Relative normalized fluorescence (R,,, emission intensity of reporter/emission 
intensity of reference) time (PCR cycle number) was plotted to allow real-time 
assessment of each PCR. ARn is the R,, value at any given cycle number after 
substracting the average Rn for the baseline portion of the plot. Any sample that 
reached a fluorescence value that exceeded the fluorescence threshold is considered to 
be positive, and the cycle when the threshold is reached, is defined as the threshold 
cycle (CT). The samples containing low concentrations of template DNA would 
require more PCR cycles to accumulate enough copies to produce a significant 
fluorescent signal than those containing higher concentrations of the DNA. The 
more the starting copy number of the nucleic acid target, the sooner it can reach the 
threshold. The average background fluorescence emission of un-reacted probe was 
calculated from cycles 3-15 in all the reactions, and a standard deviation was derived. 
A threshold fluorescence intensity was established at 10-fold above this standard 
deviation and it is known as the baseline. It is very important that the Ct does not 
164 
occur before cycle 15 as the plot will be artificially 'skewed' in a negative direction. 
So the adequate concentration of DNA in the samples is essential in establishing 
real-time PCR. 
The concentrations of forward and reverse primers were varied to identify the 
optimal assay performance. An optimal primer matrix can compensate for 
non-specific primer binding, which can reduce the amount of primer available to bind 
at its specific site and also to compensate for small errors in Tm estimation by Primer 
Express® software. The assay was achieved for all six Taqman probes by selecting 
the primer concentration that provide the lowest Ct and highest ARn for a fixed 
amount of target template. Genomic DNA was also used along plasmid DNA to test 
the probe. From the amplification plot (Figure 6.9) it was possible to determine the 
primer concentration that allows the lowest Ct and highest ARn. The optimal primer 
concentration was determined at 400 nM for both forward and reverse primers for all 
the primer/probe sets. All other primer combinations that contain a 50 nM 
concentration of either the forward and reverse primer gave a reduced ARp It was 
noted that although Ct values are the parameter by which quantitation values are 
assigned in a real-time PCR assay, ARn values are also important in obtaining the 
maximum sensitivity and reproducibility. Using the optimal primer concentrations 
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defined by the primer optimization matrix, an excellent assay performance is ensured 
when using a 200 nM probe concentration. By using a 200 nM concentration, probe 
limitation was avoided and the detection of transgenes at low copy numbers is 
allowed. 
Due to the percentage threshold set by different authorities, it is necessary to 
determine the concentration of genetically modified ingredients accurately. Standard 
curves were derived using serial dilutions of constructed plasmid to determine the 
concentration of unknown samples. Figure 6.10 represents the amplification of 35S 
CaMV promoter on DNA of Roundup Ready soy and sample A at a percentage of 
0.963% and B at 1.918%, C was acting as control to check if there is any non-specific 
amplification. Figure 6.11 represents the amplification of cry 1 Ab on DNA of Bt-176 
transgenic maize. The percentage of GMO of A was calculated at 12.57% and B at 
23.64%. Although the percentage of GMO has been determined in the samples, it is 
not possible to say that the percentage derived is correct, as there is no reference that 
can be made. 
In conclusion, real-time PCR can be used to determine the percentage of 
genetically modified ingredients using the fluorescence-based detection system of the 
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ABI Model 7700. This methodology was used to determine the percentage of 
genetically modified ingredients in food samples with reference to a standard. This 
automated detection system is able to achieve high sensitivity with reproducible 
results and without the need for analyzing the PCR products by time consuming 
methods such as Southern blot hybridization and radioacitivity. Real-time PCR 





It is now possible to make specific genetic modifications in plants to introduce 
traits or substances that could not be done by traditional methods. Commercial 
agricultural products resulting from recombinant DNA technology have already 
entered the market. The related products include genetically modified crops, foods 
produced from genetically modified organisms, as well as food ingredients/additives 
obtained from genetically modified organisms. There can be little doubt that genetic 
modification are having and will continue to have significant impact on the practice of 
food processing, agriculture, and related research and development. From plant and 
animal improvement to food processing techniques, biotechnology holds the promise 
of a more efficient production and superior products. Biotechnology will affect many 
along the production line and finally reaches us as the consumer. 
The ultimate success of plant genetic engineering depends upon consumers' 
acceptance of the technology and the products generated. Consumers' concerns about 
the safety of genetic engineering may be balanced by their perceptions of the benefits 
and the risks of alternative technologies. For example, a transgenic pest-resistant 
plant that reduces reliance on the use of pesticide may be more acceptable than a 
transgenic herbicide-resistant plant that might be viewed as encouraging the use of 
more herbicide. Consumers may be more willing to accept products that benefit them 
directly rather than the producer. Products with improved quality are likely to meet 
less resistance than those with improved production efficiencies. Acceptance is likely 
to be greater for plants that are not used for food, as transgenic cotton is less likely to 
cause concern than transgenic wheat. Interest in the association between diet and 
health is a major factor that consumers choose their foods. Transgenic food crops 
offering improved characteristics in this area may achieve greater market acceptance. 
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Consumers may be interested in both intrinsic and extrinsic factors when 
considering transgenic foods or other plant products. The intrinsic factors include the 
physical and chemical properties of the product itself, such as nutritional value, favour, 
appearance, safety and likely influence on health. Extrinsic factors such as the 
method and ethics of production and influence on the environment may become 
increasing important. Involvement of consumers in public debates on the ethics of 
transgenic plants can be an important step towards gaining acceptance. Although 
public attitudes are likely to determine the extent of application of molecular 
techniques, the way in which this technology is portrayed in the media is also 
influential. 
The release of transgenic plants into the environment is regulated in many 
countries to prevent dangerous products entering the food chain or causing harm to 
the environment. But even if genetically engineered food turns out to be perfectly 
safe there are bound to be wide concerns about the effect of transgenic plants on the 
environment. Probably the main worry is that if we make the crops fitter, by adding 
pest and disease resistance genes, they will transfer these traits to weeds, which will 
then take over the crop plants' ecosystem. There is now an enormous number of 
applications for plant transformation technology at the research stage, addressing a 
wide range of issues, and it is only a matter of time before some of these will 
successfully be introduced to the market to continue the momentum into the next 
decade. 
So far there is little evidence to say transgenic foods is unsafe, but a labelling 
system will provide assurance to the consumer that an informed choice is given and a 
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trace can be made if anything goes wrong. An effective detection system is necessary 
to assess the potential risks of unpredictable consequences, and at the same time to 
monitor the health impact on both human and the environment. 
Figure 7.1 is a representation of schematic GMO detection. It consists of three 
parts: sampling, DNA extraction, qualitative and quantitative analysis. Different 
sampling methods should be tailored to meet client's requirement such as the different 
threshold set by different authorities. Both DNA extraction and PCR analysis should 
be performed in duplicate. Measures are included to exclude false-positive and false-
negative results. PCR analysis is capable of detecting the majority of transgenes that 
are integrated into the plant genome. With the incorporation of internal control, 
external control, positive and negative control into various stages of the standardized 
procedures we are confident to say that the procedures eliminate most, if not all, false 
results. The internal control indicates whether amplifiable DNA has been 
successfully extracted from the food sample, whereas the external control shows that 
the presence or absence of PCR inhibitory materials. The use of negative control in 
both extraction and amplification protocols will eliminate false-positive results arise 
from cross-contamination. The use of positive control in PCR can invalidate the PCR 
performance and can act as a size marker for analysis. Since the research is ongoing 
and more and more genetically modified crops are being approved, we need to keep 



















































































































































































































































































































































































































































































































































































The practical benefits of biotechnology must be weighed against the need to 
protect the environment, ecology and human health. Perhaps biotechnology can be 
integrated into a science that magnifies human possibilities. 
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Reagents as supplied in the following kits 
• QIAquick gel extraction kit 
• Concert Rapid Mini Prep kit 
• QIAGEN® Midiprep kit 
• QIAGEN DNeasy™ Plant Mini kit 
• dRhodamine Terminator Cycle Sequencing Ready Reaction kit 
• Wizard® Genomic DNA Purification kit 
• Wizard® Magnetic DNA Purification System for Food 
• Wizard® DNA Clean-Up System 
• Qiagen QIAshreddrer and QIAamp kit 
• Nucleon PhytoPure extraction kit 
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